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GENERAL DYNAMICS

This updated Atlas Mission Planner's Guide presents new informanon on the performance capabili-
ties of Attas. Higher performance is now offered as a result of a successful development program
and an engoing enhancement program. A greater rnge of vehicle configurations and perfoumance
lavels is also offered to allow a doser match o customer regquirements and to lower cost. The per-
funnance data is presented i sufficient detail for preliminary assessment of the General Dynamics
vehidle family for your missons.

This gusde includes sssennal technical and pmgmmr'mm data for prelimmary mission plasning and
prefiminary spacecriaft desiga. Interfaces are in sufficient detail to aswss a first order compatibility.
A brigf deseription of the Atlas vehicles and the launch facilities 1s also given, See the companion
Atlas Launch Services Faality Guide for spacecrait processing and lauach services at Space Laonch
Comaplex 36. _ _

This guide is subjeet t0 changes and will be revised perioditally. T projusaly or specific contracts,
basehue mformaton will be wﬁalemmea and updased ) :uldn:ss spedific customer prugram re-
Qquiseiments.

For furiber infonnation please contact:

Me Robert €. White
iluuw of Maiketing snd Buxivess Uevelopaent
{619) 4964020
FAX (619) 496-41)8S
Gentral Bynamics Commencial Lanach Services
9444 Balboa Avenue, Suite 2i)
Sin eego, Calitornia 93123







of the Atlas G/Centaur vehicle. It is designed to fly
with the large payload fairing (14-foot diameter),
which increases the payload volume to accommao-
date today’s larger spacecraft (Figure 2).

Atlas I builds on the Atlas 1 configuration to pro-
vide increased performance capability. Atlas 1 up-
grades include increased booster engine thrust, and
lengthening of the propeliant tanks. In 2ddition, a
new state-of-the-art guidance and navigation avion-
ics suite. the inential navigation unit {INU , has been
added.

Atlas [lA is similar to the Atlas 1! except that the
Centaur’s Pratt & Whitney RL10 propulsion system
hias been uprated and the avionics has been up-
graded with the addition of the remote control unit
(RCUL

Atlas TIAS is similar to the Atlas VIA except for
the addition of four astar I VA solid rocket motoss.

SPACECRAFT ACCOMMODATIONS

General Dyeamics offers two payload fairing confige-
rations and seven spacecraft adapiers {five with sepa-
ration systems) to agoommodate a wide range of
spacecraft requirements. Figure 3 illustrates the enve-
lopes for both the large payload fairing (LPF) and the
medium payload faining (MPF). Both fairings are
compatible with each of the Atlas vehicle configura-
tions.

The Type A Al B, Bl. C. Cl. and D aduniers pro-
vide industry standard mechanical interfaces (Figuse
4). Each adapter may be used with any of \he pay-
load fairings and Atlas vehicles The separation sys-
tems provided with the standard Type AL Al Bl
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and D adapters are similar, Each separation system
consists of a clamp band set and separation tprivg.
to give the necessary separation energy after the
clamp band is released. The Type C ard C1 adapters
provide bolted inteifaces for spacecrafi-provided
adapters or mission-peculiar requirements. Section
4.1 defines the specifics for each interface.

ATLAS AND CENTAUR HERITAGE

Atlas and Centaur have played a major role in the
U.S. space program since the iaunch of the world's
firsi communications satellite {SCORE) on Atlas
1B in December 1958, Some of those historicevents
include:

* First American in orhit (Mercury) (Atlas 109D)
¢ First launch of a liquid iwdregen stage {Centaur)

* First lunar mission (Susveyor)
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¢ All United States planctary missions launched on
ELVs (Atlas and/or Centaur).
» The 500th Atlas launch, in 1991 (Atlas S3E)

As launch vehicle needs have changed, Atlas vehi-
cles have evolved to meet the new mission require-
ments. Figure 5 illustrates some of the specific
vetucle configurations flown over the years.
RELIABILITY
Atlas space lannch vehicles flown primarily with
Centaur and Agena spper stages have a demon-
strated .cliability of 96% (123 successes out of 128
iaunch attempts).

Cent _ar L4, flown since 1973, has an outstand-
ing 96% success reonrd (43 sucoesses cut of 45 fight
tiials;.

The current family of Auas/ entaur launch ve-
hickes nas a demcnsirated relisbilite of $4% using
the widely sccredited Duane methadology.

- COMMERCIAL LAUNCH SERVICES
General Dynamics Comuncrcial Launch Scivices of-
© fvs a full launch service, from spacectalt integra-

tion, processing and encapsulation, through launch

operations and werification of the oibit. Our launch

service includes:

a. Launch vehicle

b. Launch operations services

¢ Mission-peculiar equipment design, test, and
production

d. Technical integration and interface design be-

tween the launch vehicle and spacecraft

Program management

Launch facilities and suppost provisions

PPF and HPF facilities

Spacecraft support at CCAFS

Mission prograin management

Vaiidation of spacectaft separation sequence

and orbit

k. Range safety interface.

We provide adniinistrative guidance and assis-
tarwe, when necessary, for importexpost licenses,
permits, and clearances froim government and po-
litical estities. |
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The General Dynamics Commercial Launch
Services organization provides a single point of con-
tact, the mission manager, to the custosmer. The mis-
sion manager is rtespousible for program
development, integration through launch, and con-
tract completion. The mission manager chairs key
meetings and reviews, and participates in milestone
cvents at the launch site. He wotks closely with his
Atlas vehicle manager counterparts. Figure 6 shows
the interface management concepr.

Launch vehicle and missionr-peculiar design and
development, as well as technical integration and
management, are accomplished in San Diego,

Lawwh operations are performed at Cape
Canaveral Air Force Station (CCAFS) Fuwida
(Figure 7). Paylosd processing is normally per-
formed at the Astrotech facilities in Tutusville, Flor-
idx (Figure 8)., NASA and USAF facilities at
Kennedy Space Center and CCAFS are available, if
vequired. The lunch operations manager directs
the General Dyramics teym duning spacecraft proc-
essing and lauuch. Cusiomer/spacecrafi oa-site per-
sonnel work directly with the mission manager and

Space Center and Cape Canaveral Air Force Station

agreements covering payload and Atlas launch ve-

hicle processing facilities, services, and range sup-

port are complete.

ADVANTAGES OF SELECTING ATLAS

Our Atlas vehicles ana seivices provide the follow-

ing key advantages:

1. Dedicated launch pad to ensure coinmercial
taunch sciicdukes and maintain commitments

& Single-payicad manifesting to ensure launch
service dedicaton and responsiveness

3. A mature launch service, in both launch opera-
tions and vehicle design

4. An experienced team that has launched over $8
conununications satellites

5. Moderate payload launch environmaenis (shock,
vibration, acoustic, thermal, etc.) that are pener-
ally tower than those of oilier launch vehicles

6. Mission design flexibility demwonsirated in a di-
verse array of misvion types, including most US.

planetaty aiissions and numerous goostationary
transfer oebit missions

7. Flexible mission design capability provides
launch eperations team. P _ Lapa y v
- masimwn spaceciait on-orbit lifetime through
All governnent agseenwnts requited for coa oplimized use of spacecrafi and Centaur
meercial launches have been approved. The Kennedy propulsion systems
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r t: .- mm“s‘r aﬁ“&pm
o 2 o e v oy e e i i e e b e e oy
A e IR - BRI 12N
T Wit B g [ wesen oFexs |
e e e
! sy | ! Ctf  foedend % orarone] |
I B : i o ] Jl 1 | beamrn masadin |
— ) :
b e 3 P o 3 ........-..........._.-.:.......! LGSBII08ES-4




¢ luazemy B OPENEY

Froure M o300 Ulat o

O harote s e L A I T e

[}







1+ THE ATLAS LAUNCH VEHICLE

1.1 DESCRIPTION
The Atlas launch vehicle system consists of the Atlas
boaster, the Centaur upper stage, and the payload
fairing. Figure 1-1 gives a summary description of
Atlas subsystems and characteristics.
ATLAS — Atlas was originally developed by the
U.S. Air Force as an intercontinental ballistic mis-
sile. Early in development, Atlas made the transition
to become a versatile and highly reliable space
bocaizr. Johin Glenn made his historic flight on this
vehicle. It has since undergone a series of improve-
ments, including tank lengthening, éngine perfoim-
ance increases, and system modermnization.
CENTAUR — Centaur was developed as the world's
first high-energy. liquid oxygen-liquid hiydrogen pro-
pellant stage. Since its first launch, it has gone
through severa! perforsmance and reliability up-
grades, particularly in the aress of 2lectronics and
software.
12 ATLAS MAJOR CHARACTERISTICS
The Adlas booster is of thin-wall, fully monocoque,
corrosion-resistam siainiess steel const: ugtion. The
fue! tank, which contains RP-1, and the oxidizer
tank, which contains liquid oxygen, are separated by
an ellipsoidal intermediate bulkhead, Steucturalin-
tegrity of the tanks is maintained in flight by the
pressurization system and on the ground by either
internal tank pressure o by application of mechani-
cal stretch.

The Ailas booster is controied by the Centaur
avionics sysiem, which provides guidance, flight
contsol, and vehicle sequencing functises. An exter-
nal equipment pod houses Atlas systems including
Atlas flight termination, propellast utilization,
pieumatics, and instrumentation,

Atlas booster propulsion is provided by either the
Rocketdyne MA-5(Atlas 1) or MA-SA (Atlas I, HA,

IZAS) engine system, which includes the sustainer.
two vernier (Atlas I), asié onc booster engine (1vo
thrust chambers). All engines are ignited prior to
liftoff and monitored untii 0% thrust is achieved,
after which a coatrolled release occurs. 1ne booster
engine package is jettisoned during ascent and sus-
tainer-powered flight continues (“sustainer phase™)
until propellant depiction

Solid Rocket Booster (SRB) — The Atlas [IAS uses
four Thiokol Castor IVA SRBs. This motor was se-
lected based on its performance and the excellent re-
liability record (99.94% success in over 1,790 flights)
of the Castor solid motor family. Each Castor IVA
SRB is 37 feet long and 40 inches in diameter. Two
are ignited at liftoff and the vemaining two are air-lit.

Structural modifications reguired o attach the
SRBs include a redesign of the Atlas thrust section,
an increase in Atlas skin gauges. and the addition of
an attachument ring in the fuel tank (sce Figure 1-2).

The Atlas is integrated with the Centaur vehicle
by the interstage adapter. This aluminum skin/
stringes frame structure prawides the structural link
between the Atlas and Centaur vehicles. The Atlas
vehicle is scparated from the Centaur vehicle by a
pyrotechnic flexible linear shaped charge system at-
tached to the fosward ring of the interstage adapier.

13 CENTAUR MAJOR CHARACTERISTICS
The Centaur propeiiant tanks, like those of the Atlas
lower stage, are constructed of thin-wall fully mouo-
coque. corrosion-resistant sizinless stecl. Centaur
employs high-energy liquid hydrogea and liquid
oxygens propellants separated by a double-wall,
vacuunt-insulated intermediate bulkhead. Tank
stabilization is maintained at all times by either
inteinal pressurization or application of machanica!
stretch.
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Fgare 1-2. Aclas UAS vedicle

The stub adapler and equipment module are at-
tached o the forward end of the Centaur. The stub
adapler is bolted to the foiward ring of the Centour
tank and supposts the equipment module, payload
fairing, and spacecraft adapter. The equipment
module altaches to the forward ring of the stud
adapler and provides mounting arrangements for
the Ceataur avionics packages and the spaceciaft
adapter (Figure 1-3).

Centaur avionics packages mounted on the
equipment maodule provide control and monitoning
of all vehicle functions. The inertial navigativn uait
(INU) performs the inertind guidance and attitude
control computations for both Atlas and Centaur
phases of flight and also provides control for Atlas
and Centaur tank pressures and propellait use.

Centaxr RLIO Engine — The Centaur upper stage
utilizes two Prait & Whitney RLIO engines. The
RLIOA-3A on an Atlas [ and Atlas 1l is rated at
16,300 tb thrust. The RLIGA-4 on the Atlas fIA and
Asles HAS is rated at 20.500 b (91.1 kN) thrust with.
out an extendible noxzie, and st 20,900 [bS (925 kN)
with an extendible noxzie. The engine is 3 gimbaliad,
uwbopump-fed. regenedatively  oooled,  single-
chamber rocket engine consisting of a fixed primary
nazdle and an optioaal secondary extendible nozzle
(Figure 1-4). The extendibde noxde provides en-
hanced engine performance through an tacrease in
apansion ratio.

L4 PAYLOAD VOLUME

The usable payload volume is dependeat upon e
spacecraft adapter and payload fairing employed.




(35501058513
Fgure 1-3 The spacecraft is mated to the Centaur upper
sicge via ax adapier attacked (o the equipmont wodile.
Numerous payload compartment arratigements are
svailable with the Type A through D spacecrait
adapters and medium and large payload fairings.
1.4.1 PAYLOAD FAIRINGS - The payload fairing
protects the spacecrafi from time of encapeutation
through atmospheric ascent. The Atlas user has a
choice between the large or medium payload fairing
ccafiguration.

For either faiving, a thermal shicld or acoustic
blanket can be 2dded should the spacecraft requise
more benign environments. 1f additiona! payload
faiving vedume is required. General Dynamics has
investigated lengthening the large payload fairing
(reference Section 7.4).

Both the Large and medium faivings are discussed
in greater detail in Section 4.

1.4.2 SPACECRAFT ADAPTERS/SEPARATION
SVSTEM — The spacecrafi is mounied to the
Launch vehicle using a spacecraft adapter. The Type

i-4

A. A1, B, B1, and D adapters employ a pyrotechaic
V-band clamp system. Adapters and separation sys-
tems are discussed in detail in Section 4.

Each Atlas vehicle configuration is compatibie
with each of the payload fairings. adapters. and sep-
aration systems. Because of structural and propul-
sion system differences between the vehicle
configurations, there are minor differences in space-
craft environments. A summary of vehicle structural
compatibility and the differences in environments is
provided in Table 1-1.

CSI00- 12

Fgure 1-3 Extendible mazties coud hiphey trust prosede ¢
ditiongd performance.




Toble I-1. Spacecraft common occommadations for the Allas family.
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2 + ATLAS MISSION DESIGN AND PERFORMANCE

Ower the last three decades, the Atlas and Centaur
stages have flown together as the Atlas/Centaur and
with cther stages (e.g.. Atlas/Agena and Titan/Cen-
taur) to deliver a vartety of coinmercial, military, and
scientific paylcads to their target orbits. Based on
our experiences with over SO0 Atias launches. per-
tormance for each launch vehicle is determined by
enginecting analysis of developed and new hardware
with emphasis placed on coasesvative performance
prediction to ensute each vehicle meets design ex-
pectations. With Atlas | and Atlas B eperational,
and Atlas HA nearing its initial launch capabilivy.
cagincering estimates of Atlas family performance
capabilities have been revised o refleet flights
qualificd hardware performance characteristics and
ot improved knowledge of doveloped hardwase. In
addition, several vehicle enhancement eplinas ase
now being develiped under contract, With this in-
formation, Atlas farnily performance oifenags have
becn ingreaved and expanded. Tatde 2.1 ilustrates the
wew porlosmance capabititin of the Atk family.

The standard GTO performance option provides
3 reduced performance kvel by constraining the
mission design 0 a standand ascent proliie.

The custovn performance option. provides a per-
formance level that is stightly higher than in the pre-
vious Mission Plaaner's Guide.

The Block 1 performance option provides a sig-
aificant increase in performance through an uprate
of the Centaur propulsicn system and a series of ve-
hicle structusal and software enhancements

As suggested by the table, Atlas is capable of te-
ing launched from Cape Canaveral Air Foree Sta
tine (CCAFS) in Flanids and is now pianned to be
Launched fraun Vandenberg Air Force Base (VAFR)
1 Califoenia. This section funther describes Atlas 1,
1. 1A, and HAS mission and pesformance oplivis
avaitable with 2 Flonida faunch. Additional mission
and performance data with launch from VAFR i
provided w Section 8 of this dovument.

A1 MISSION DESCRIFTIONS

Atlas 15 a reliable and versistile launch vystem, capa-
ble uf delivering pavioass to 2 wide range of Sow and
high circuler orints, elliptical transfer wrbits, and
Banth-escape trapetoies Bach At faunch ve
hicle. avatabie with either a swedium (MPF) o ﬁ:ga:
paviead fainag (LPF} i dediated o a single pay:
ad Twe tagectuey Jesign B cach misanst
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specifically tailored to optimize the mission’s criti-
cal performance parameter (maximum satellite or-
bit lifetime, maximum weight to transfer orbit, etc.)
while satisfying satellite and lauach vehicle con-
straists.

Atlas mission ascent profiles are developed using

oine or more Centaur upper siage main engine burns.
Each mission profile type is suited for a particular
type of mission.
Direct Ascent Miss! s — With a one-Centaur-burn
mvission desigr ihe Centaur main engines are ig-
nited just 2fter Atlas/Centaur separation and the
bura is cutinied uagil the Centaur and spacecrait
are placed into the targeted orbit. Centaur/space-
¢vaft separation occurs swortly after the burn is com-
pleted. Direct asvents are primarily used for low
Earth ¢iscular orbits and elliptic orbits with oibit ge-
ometries (i.e. arguments of perigee and inclina-
tions) easily reached from the launch site. Orbits
achigevable with little o1 no launch vehicle _=w steer-
ing and tiose that can be optirally reached without
coasi phases between burns are prime candida.es
for the direct ascent mission design. Atlas/Ceniau
has previously flown 15 missions using the diroct as-
cent design.

Parking Ocbit Ascent Missions ~ Parking orbit as-
cent, used primanly for geosynchronous transfer
missicns. is the most wideiy used Atlas trajectory
design. Performance capabilitics are based on two
Centaur bumns injecting Centaur and the satellite
into 2 transfer orbit selected to satisfy mission re-
guirements. The first Centaur -wurn comamences just
after AtlasiCentaar separation and is usee® W inject
the Centaur/spacecraft into a mission perform-
ance-optimal parking orbit. After a coast to the de-
sired locasion for transfer orbit injgction, the second
Centaur main engine kurn provides the impulse o
place the satellite into the transfer and/or final orbit.

If targeted to an elliptic transfer orbit, the satellite
then uses its own propulsion system to achieve the
final mission orbit. Missions requiring circular finai
orbits wiil use the second Centacr burn to circular-
izc the satellite at the desired altitude and orbit
inclination. Fifty-eigh. Atias/Centaur R&D end op-
erational missions have flown using the parking
orbit ascent mission profile,

2.2 ATLAS ASCENT FROFILE

To familiarize users with Atias and Centaur mission
sequences, information is provided in the following
paragraphs regarding the direct and parking orbit
ascent mission designs. Figure 2-1 shows sequence
of evenits data for a typical parking orbit ascent mis-
siot:. Table 2-2 shows typic . mission sequence data
for each Atlas vehicle for a typical geosynchronous
transfer mission. This data is representative; actual
sequencing will vary o meet the requirements of
each mission. '

2.2.1 BOOSTER PHASE --Atlas can be launched
at any time of day to meet spicecraft mission re-
quirements. At liftofi, the booster ascent phase be-
gins with ignition of the Rocketdyne MA-S/MA-SA
engine system and, for Atas IIAS, the first pair of
Thioko! Castor 1VA solid rocke? boosicrs (SRBs}

During the short-vertical rise away from the pad.
the vehicie ralls fram the launch pad azimuth o the
appropriate flight azimuth. At a echicle-dependent
altitude between T0 7t (215 m) and LODB & (05 m).
the vehicle begins pitching swet isto the prescribed
ascent profile. At approximately 8090 ft (2438 m).
the vehicle enters a nominal z¢c50 pitch and yaw
angle of attack phase o0 minimize aerodynamic
loads. '

For Atlas HAS, the first pair of SRBs burn eut at
approximately $4 seconds into flight. Ignition of the
second pair is governed by structural kaading pa-
ramctess. Fiest pair jettison oocurs when range safe-
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Toble 2-2. Typical GTO mission launch vekicle seqence deia.

Event {time In saconds) Atas | Aties ' Alss 1A Atas HAS
Guicience Go-inartial -110 -9 -110 -11.0
152t SRB pair ignition (Asias UAS) - -- - -03
Lino Q0 0.0 00 00
15t SRB pair bumag (AS) - -- - 54.1
2w SRB cair ignition {(1AS) - .- - 575
19t SAD pair jettison (AS) - .- - a8t
2n65 SRB pair bumout (IAS) - - -- 1"21
and SRB pair jettison MAS) - - - 141
Atias booster engine cutolf (BECO) 1539 %8¢ 188.7 167.9
Boosior Package jettiscn (BPJ) 1590 ms 718 7.0
inauiation panels jettison (Atas 1) 1809 -- - --
Paytoss tairng jettison (PFJ) 0y 7R 2299 2206
Alisg sustoiner enging cutolf (SECO) 2858 216.1 2743 a2ri s
Adan/Contiy Separation 2678 2180 2762 2.4
Begin edendibie ncazie deployment (ILA, HAS) .- .- 2778 2009
Cantaur main engine start (MESY) 2783 2086 2068 204
Centaur main engine cuscl (MECO1) 580.3 o786 576.1 5675
Start wun 10 MES2 attiuce 840.3 aras 8560 8210
Centaur main engine start (MES2) 14403 14728 1456.0 14210
Centaur main engine cutcl (MECO2) 15334 15789 1541.3 15174
Start plignment 10 aaparation altiuds 15354 1580.9 1543.3 15104
Bagin spinup 1590.4 18729 1635.3 16114
Sepirats spacecraft (SEP) 16754 17539 17163 1602.4
Stan wm 10 CCAM attnsde 17944 13139 177163 17524
Contaur enct of mission 30588 36522 B 3400.7
LGSBC10585-70

ty parameters are met. The secoad pair is jettisoned
wo seconds after burnout.
storically, a nominal 2er0 total angle of attack
been maintained for Atlas/Centaur missions

m 8,000 £t (2438 m) through booster engine cutolf

BECO). Genera) Dynamics is implementing an al-
pha-bias augle-of-attack steering profile late in the
booster phase. Atlas HA missions will use this al-
pha-bias steering technique from approximately
80,0001t (24 380 m) through BECO to funher reduce
gravity and steering losses.

Booster staging occurs when the desired axial ac-
celeration is attained. For Atlas 1, 11, and lIA GTO
missions, BECCO) typically occurs at an axial acceler-
ation of 5.9g. For Atlas IIAS, BECO accurs at 5.2 g,
Easlier staging for reduced maximum axial accelera-
tion and/or optimum mission design is easily ac-
complished with minor associated changes in
periormance. The booster phase steering profile is

2-5

implemented through our launch day ADDJUST
wind steering programs, which enhance launch
availability by controlling wind-induced flight loads.
Following jettison of the booster engine and asso-
ciated thrust structure, flight contisizss ba dw sus-
tainer phase. For Atlas I, the fiberglass insulation
panels are jettisoned approximately 25 seconds after
BECO. Sustainer engine cutoff (SECO) occurs
when all available sustainer propellants are con-
sumed. Selected atmospheric ascent data from lift-
off through first upper stage bum accompanies the
perforimance data for each launch vehicle at the end
of this section (see Figures 2-7, 2-10, 2-16, and 2-22).

For typical Atlas missions, the payload fairing is
Jettisoned prior to SECQ, when 3-sigma free molec-
ular heat flux falls below 360 Biw/ftd-hr (1135 W/in?).
For sensitive spacecraft, payload fairing jeitison can
be delayed later into the flight with some perform-
ance loss.




222 CENTAUR PHASE — Centaur main engine
start (MES or MES1) occurs 10.5 seconds after the
Atlas stage is jettisoned. For direct ascent missions,
the Centaur main burn injects the spacecraft into
the targeted orbit and then performs a series of pre-
separation maneuvers. With parking orbit ascent
missions, the Centayr first bumn (typically the longer
of the two) injects the spacecraft into an elliptic per-
formance-optimal parking orbit. Following first
burn main engine cutoff (MECO1), the Centaur and
spacecraft enter a coast period. During the coast pe-
riod (approximately 13 minutes for a typical geo-
synchronous transfer mission), the Centaur
normally aligns its longitudinal axis along the veloc-
ity vector. Because typical parking orbit coasts are
of short duration, most spacecraft do not require
special pointing or roll mancuvers. Should a space-
craft require attitude mancuvers during coast
phases, Centaur can accommedate all roll axis align-
ment requirements and provide roll rates up to
10 = 05 degrees per second in either direction during
nonthrusting periods. Greater roll rates can be eva-
luated oo a mission-peculiar basis. Prior to second
Centaur burn main engine start (MES2), the vehicle
is aligned to the ignition attitude and the engine start
sequence is initiated.

At a guidance-calcutated start time, the Centaur
main engines are reignited and the vehicle is guided
to the desired orbit. Upon reaching the target, the
main engines ase shut down (MECO2) and Centaur
begins its alignment to the spacecraft separation at-
titude. Centaur can align to any attitude for szpara-
tion. Preseparation spinups to 5.0 = 0.5 rpm can be
accommodated.

After Centaut/spacecraft separation. Centaur
conducts its collision and contamination avoidance
maneuver (CCAM) to prevent recontact and mini-
mize the contamination of the spacecraft.

23 PERFORMANCE GROUND RULES

Atlas performance ground rules for various mis-
sions with launch from Cape Canavers! Air Force
Station in Florida are described in this secticn.
2.3.1 PAYLOAD SYSTEMS WEIGHT DEFINI-
TION — Performance capabilities quoted through-
out this document are presented in terms of payload
systems weight. Payload systems weight (PSW) is de-
Sined as the toial mass delivered to the targes orbit, in-
cluding the separated spacecrafi, the spacecrafi-to-launch
wehicle adapter, and all other hardwire required on the
Launch vehicle to support the payload (a payloud flight
termination sysiem, harnessing, eic). Table 2-3 pro-

Tadie 2-3. Performance effects of spacecraft-required hardwgre.

Pertormnance elect of payload sdapler masses (b (kg)):

Tpe A iype 8 Type C
105 (48) 109 (46 54 (25)
Trpe AY Type BY Type C1
113 (51 10 (59) 51 2%

Type 0
143 (65)

Pertormance stect of other spacecrait.-required hardware (1 (kg)):

Paciaoe blankits siveld
. 114] 25 (1) 8y

Erwitorumant varification
DRCKIOS [telapak, Instrimanis]
2%}

wmmmaﬂmmmwm)mwmmwﬂudm
doDrs, 8 PeCaiating antenna, Snd & CUBIOMET 100 On i Payinad tainng

Gther hasdware:

Corvtaur hichwice a%Necis pIKaNance 31 2.2 11 (1 kg) mass 10 2.2 i (1 kQ) patormante ratio
Peyload faag) hardware aNocts peronmance at - 19.8 10 (9 kg) Mass ©0 2 2 1b (1 kg) perkmance ratw
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vides weights for our standard payload adapters
(see Section 4.1.2 for payload adapter details). Data
is also provided estitating the performance impact
of various mission-peculiar hardware requirements.
As a note, performance effects shown are approxi-
mate. The launch vchicle trajectoty, spacecraft
mass, and mission target orbit can effect the per-
formance contributions of each mission-peculiar
item,

232 PAYLOAD FAIRINGS — All performance in
this document is based on use of the 14-ft (4.2-m)-
diameter large payload faining. GD also offers an 11-ft
(33-m)diameter medium payload fairing Higher
performance is available for those payloads that it
in the medium fairing. Performance gains are ve-
hicle configuration and trajectory design-depend-
ent, but for GTO missions the gain is approximately
300 Ib (135 kg).

For spacecraft that require greater volume than
the standard large payload fairing, a 3-ft (1-m)
stretch to our large fairing has been evaluated. Per-
foiiuance will degrade approximately 150 Ib (65 kg)
with its use. Figure 2-2 iliustrates the three fairing
oplions. Additiona! information appears in Seciion
74.

233 LAUNCH VEHICLE PERFORMANCE
CONFIDENCE LEVELS - Atlas missions arc tar-
geied tomeet the requirements of cach user. Histoti-
cally, Atlas and most U.S.-launched missions have
been designed with a performance confidence level
of J-sigma (99.87%). With the flexibility of Aulas/
Centaur hardware and flight software, performance
coufidence levels can be set based on the require-
ments of each mission. The minimum residual shut.
down (MRS) performance oplion, discussed later in
this sectien, takes full advantage of this concept. All
data in this document, with the exception of the el
liptical transfer orbit pesformance data, is based on

27

the 3-sigma coafidence level. That is, performance
shown will be attained or exceeded with a 99.87%
probability.

For the elliptical transfer orbit data, General Dy-

namics has baselined a 99% confidence level per-
formance reseive. Because many of today's
communications satellites can benefit from reduced
launch vehicle confidence levels (and the associated
nominal performance increases), minimum residual
shutdown data is also discussed. General Dynamics
will respond to any desired pesformance confidence
level requirement needed by the user.
23.4 CENTAUR SHORT-BURN CAPABILITY -
For low Earth orbit (LEO) mission applications,
Genera! Dynamics has evaluated the launch vehicle
requirements for short-duration Centaur secoad
burns. With missions requiring short-duration sec-
oand burns (15-30 seconds), minor hardware and se-
quencing changes may be required. Propellant
sesiduals will be biased o ensure proper engine pro-
pellant inlet conditions at main engine stant. Cen-
taur main engine busas as shat as 15 seconds are
LARGE STRETCHED LANGE

* 3B (1B8Ng - (- iy
GSBO10585-180
Fgure 2-2. Ailas payloud foiring oplions.




possible. All performance data shown using short-
duration burns include the performance effects of
hardware and sequencing maodifications to Centaur.

2.1.8 CENTAUR LONG-COAST CAPABILITY —
A Centaur extended-mission kit is currently in de-
velopment to support long-duration Centaur park-
ing orbit coasts. Coasis of up to 90 minutes in
duration are manageable, constrained by helium
pressurant and hydrazine RCS propellant capaci-
ties. The long-coast kit consists of a larger vehicle
battery, shielding on the Centaur sft bulkhead, addi-
tional helium capacity, and an additional hiyaraane
bottle. Performance estimates using long parking os-
bat coasts include the effect of an extended-mission
kit. See Section 7.2 for additional details.

2.3.6 HEAVY-PAYLOAD LIFT CAPABILITY —
The Centaur equipiment module and payload adapk-
ers have been optimizzd for geosynchronous trans-
fer missions. Tb manage the larger payload masses
Atlas is capable of delivering to low Earth orbits
(typically greater than 9,000 tb (4000 kg), two hieavy-
payload interfaces have been identified. Figure 2-3
illustrates the interfaces with associated perform-
ance penaltics. In both cases the user must account
for the mass of a spacecraft-to-taunch vehicle adapt-

8

er in addition to the stated performance penalty. See
Section 7.3 for additional details.

24 GEOSYNCHRONOUS LAUNCH MISSION
TRAJECTORY AND PERFORMANCE
OPTIONS

Through Centaur’s flexible flight sofiware. a number
of trajectody designs are possible. Depending on the
mission requirements, the 10tal satellite weight, the
dry mass to piopeliant mass ratio, and the type of
satellite propulsion (liquid or solid) systet, one of
the following trajectory design options will prove op-
timal.

¢ Geosynchronous transfer (and reduced inclina-

tion transfers)
¢ Supersynchronous transfer
¢ Subsynchronous transfer/perigee velocity aug-

mentation
COMCAL ADAPTER TRUSS ADAFTER
STAENGTHENED
couemEnT \ [/ ADMTER
MODLAL/STUS
KDAPTER
PONORMANCE EFFECT:
100 (1Shy° e indng
* RC-TO-LY ADAPTER MOT ACCOUNTED FOR
LGSOR105E5-100
Fgure 2-3. Heavy paylogd inerfaces




Figure 2-4. The peosynchronows trantfer ardit mission trajectory profile.

241 GEOSYNCHRONOUS TRANSFER — The
geosynchronous transfer esbit mission is the stan-
dard mission design for communications satellite
launches. Figure 2.4 illustrates the orbital mission
prefile involved. The transfer orbit inclination
achieved depends upon launch vehicle capability,
satellite launch mass, and the perfarmance charac-
teristics of both systems. Based on the performance
of the current Atlas family and cnhanced capabili-
tizs of today's liquid apogee engine (LAE) subsys-
tems, General Dynamics is finding that a 27-degree
inclination {s optimal for maximizing satellite begin-
ning-of-life mass given an optimally sized satellite

impulses of current LAESs have resulted in a shift in
optimum inclination {ram 26.5 to 27 degrees. With
satellites weighing less than the GTO capability of
the launch vehitle, excess performanpe enn ko used
to further reduce inclination or raise perigee.
Alihough the GTOQ design is intuitively the stan.
dard launch option, single-paylvad manifesting al-
lows ine option of altemate designs that can extend
geostationary satellite lifetimes. Supersynchronous
transfers, subsynchronous transfers, and other mis-
sion erthancement optivns can enhance lilctime with
satellites that use commeon sources of Liguid propeld
lant for both cxbit insertion and on-orbit station-

peopalsion system. The 300-plus second specific keeping,

2-9




242 SUPERSYNCHRONOUS TRANSFER
The supersyrnchronous trajectity design offers an
increase in beginning-oflife propellants by suni-
mizing the dalta-velocity required of the sateflite for
ortkt insertion. The Atlas injects the satellite into an
utermediate tramsfor orbit with an apogee weli
above geosynchronous altitude. If the apogee alti-
tude capability exceeds the satetlite maximum allow-
able altitude, the excess iausnch vehicle performance
can be used tolower arbit inclination. At supersyn-
chroncus altitedes, the decreased inestial velocity
aliows the sateilite to make orbit plane changes moze
cificiently. The satellite tnakes the plane change and
raises perigee to geosynchronous altitude in one or
e apogee burins, It then coasts to perigee and civ-
culanizes into final geostationary vbit, The tota) del-
ta velocity in this supersynchronous transfez design
is less than would be required to inject frivn an
equivalent periotmance reduced inclination geo-
synchionious teansler, resulting in more satellite pro-
pellants available for on-0sbit operatioas. Figure 2.5

illustrates the supersynctironouy {rajectory mission
profife. Table 244 quantifies the potential sussion
gains with the supersynchronous mission for 3 4078
ib (1850 kg) sateilite. The Atlas IFEUTELSAT U
(AC- 102} mission lauivhed 7 Decamber 1991 sue.
cesafully used the supersynchionous taansfer opti-

Toble 2-4. Mission benefits of SersywraRroncut traksier
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243 SUBSYNCHRONOUS YTRANSFER/PERI-
GEE VELOCITY AUGMENTATION -~ Tho por-
igoe velecity augmentation (PVA) trajectoty design.
coinpared with the standard GTO desigs. can pro-
vide incredased propetiant mass at beginning of life
on geostationary orbit. This is benehicial when pro-
peilant tank capacity is large with respect to the dry
mass, The Adas delivers the satellite to 3 subsyn-
chronous intermediate transfer orbit {apogec less
than geosynchronous) with an inclination of approx-
unptely 27 degrees beciuie the satellite weipht ex-
ceeds the GTO Lunch capability. The separated
satellite coasts to subsequent transfer oabit per-
- igee(s), where the satellite supplies the required
Seltavelocity for insention into geosynchroaous
transfer. At apogee, using obe or tore burns, the
sevzllive lowers inclination and circutagizes into geo-
slationary oebit. As illustrated in Table 2.5, mass at
beginning of life is enhanced. The orbit profile is
shown in Figure 2-6.

3}

44 MISSION PERFORMANCE LEVEL Pill-

LOSOPHY — As Table 21 lustsates, General Dy-
aunis has ospandad the performance olferings fos
the Adas famnily of launch wehicles, With devclopmint
of our Black 1 performance enfancemient package
e the curveat family of vehicles, muluple perfosgs
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ance fevels ase availabie. In addition, GD con ako
meet pesiovmance requirements by customizing (or
standardizing) the mission and trajectory designs
meet specific inission desires. W mieet evodving com-
miercid satellite sission launch reguirements, GD ia-
tends 0 offer performance capability levels (as
opposad to explicit hardware configurations) as pant
of its standard commercial launch services package.

Besides offering stated pesformance levels that
are assiciated with each vehicle, other performance
requirements ¢an be met in several ways. With satel-
lite missions that may reguise less performance than
a specific configuration may offer, additivnal mis-
sign constraints will be employed that will use excess
performance to benefit the launch services custom-
€. Ascent trajectory designs can be shaped 1o in-
¢lude coverage of the Centaur tecond burn and
spacectaft separation from Ascension Isiand teack-
iag station as opposed to pre-pusitioning advanced
range instrumesttation sircraft (ARLIAL The ascest
profile can be standardined to reduoe mission inte-
gration analyees and‘or schedules. These options
can allow a more cosl-cflective silgtion for cases
where maxionim wehicle perfermance is oo reguited.

Standard GTC Performance Option — The stan-
dard GIO perfossuance oplion is 3 highly cea-

strined wersior of the reduced performance.

concept. The standard GTO mission is, a5 stated,
coastrained to be a geosyochronaus traisfer mis-
sicn using a standardiaed atmospheric ascent peo-
fike. As Atias is surrently integrating satetlites from
saoet of the wouki's manufacturers, integration analy-
sc2 can be limdted to those that are required W sup-
Cuitom Pesformance Uption — The custm per-
formance kevel eplion is closcly felated o the per-
focnance fevels guoted in the previous issue of this
guide. With the first Rights of Atias T and Ailas I

14

the upcoming launch of Atlas 1A, and continuing
development of Atlas 1IAS, portions of unallocated
design reserves have been released for rission use.
The Custom version of Atlas HHA and Atlas HIAS will
aoiunally use the Centaur RLIGA4 engine. Uili-
mate vehicle configuration, given the expecied pha-
se-in of enhanced hardware, will inevitably depend
on timeframe of proposed launch and specific per-
formance requirements.

Block | Ferfor.nance Option — The Blck | per-
formance oplion is currently on contract for Atias
HAS, and prunarily insolves an enhancement to the
Centaur RL10AS engmc system, Thrust rating and
specific impulse are increased. The enhanced sys-
teimn is designated the RLI0OASS-1 engine. This en-
hancement alonc accouits fos more thana 130 b (60
kg) increase in performance for GTO missions. In
adidition, seven-degree cant noeale Castor IVA
SRBs will replace the curtent §1-degree cant air-lit
pair. A et of other munor enhancenwats (Weight re-
duction, seuencing tmpiovernkats) comphete the
Blek 1 paciage.

Several of the upgrades uider contract for Atlae
1EAS aie also directly applicatde to the Atlas TIA ve-
hicle and are being insorpotated. The Block 1 pack.
age is available to suppeut a 1993 Launch sapability.
LS5 MISSION PERFORMANCE DATA
Diaiied perloemance curves ate provided. forcach
Liunch vebicle. at the end o this seation. Uata is
shown for several types of lauach misuions and

“based on our current estimate of each vehicle's k6

capability. The perormance giouad rules are shown

“on each cuive and additinad infotmation s g

L4

vided in the folkwig paragraphs

As 3 e, because of the liirsd number of Atlas
¥ vehicles, performance data shiwn in this doc-
ment is imited (o goowytchrosous transfer elliptical
otbit capabilities. This data s shown prinardy %o il-




iustrate the flight-verifica capability of the vehicle
and to provide a point of refereace for the Atlas Il
family of vehicles.

25.1 ELLIPTICAL TRANSFER CAPABILITY —
The optimum trajectory profile for achieving ellipti-
cal transfer orbits is the parkiig orbit ascent. Atlas
performance capability for 27-degree inclined otbits
is shown in Figares 2-8, 2-11, 2-17, and 2-23. The
27-degree inclined orbit missions are launched at
flight zzZmuths that havs been approved and fiown
for many missions. The 27-degree inclination is
pear-oplimal for geostationary transfer missions.
The Centzur second burm is executed near the first
descending node of the parking orbit (near the equa-
tor). M rformance is shown for both the $9% conli-
dence level and minimum residual shutdown
(MRS} Tabular performance data is prwvided in
Tabies 2-9 through 2-1Z, at the end of zach launch ve-
hicle perfortnance data seciion.

For soine missions, an ascending node injection
into the transfer orbit may offer advantages. The
performance degradation and missica constraints
associated with this mission type need o be ana.
fyzed on a missionpeculiar basis.

2352 REDVUCED INCLINATION ELLIPTICAL
TRANSFER CAPABILITY — The inclination effect
oa paylcad systems weight capability for 2 geo-
synchrosous transfer orbit design for inclinations
between 29 and ) degrees is shown in Figuees 349,
2-12, 2-18, and 2-24. Performance degrades as incli-
nation drops below 28.5 digrees in pant because the
launch vehicle instantansous impact poit (IIF)
trace is coastrained by range safety requirements to
rerain a minimim of 150 rimi (278 km)j off the ivory
Ceast of Africa. This requirement dictates that yaw
steering be implemented in the ascent phass 1o meget
range safety requircments while also attcmpring to
lower park otbit inclination toward the desived
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transfer orbit target value. The remainder of the in-
clination is completed with yaw steering in the Cen-
taur second burn. Data is shown at the 9%
confidence level and minimum residual shutdown
for transfer orbit apogee altitudes of 19324 nmi
(35 788 %an) and 53,996 nmi (100 090 km).

253 EARTH-ESCAPE PERFORMANCE CAPA-
BILITY — Earth-escape mission performance is
shown in Figures 2-13, 2-19, and 2-25. Centaut's her-
itage as a high-energy upper stage makes it ideal for
laurching spacecrait into Earth-escape trajectories.
Performancs data shown uses the parking orbit as-
cent design and a near-planar ascent 20 an orbit that
contzins the outgoing asymplote of the escape hy-
perbola with & ~ NiR.second coast time betweea the
upper stage hums. The reference performance
cusves were developes using a 185-degres arpunent
of perigee target, and cousi times reflect this con-
sirainit. The actval coast time necessary to schisve
the desired departure asymptote will be determined
by specific mission requirersents. Our gupded pes-
formance assumes that 3-sigma (S9.87% confidence
leved) fight performance seserves quw held.

Additional pesformance data is shows for anep-
tional vehicle configuratios that uses the pasiing or-
it aseenk design with s thind stage, a acar-oplimus
size selid propeliant ecbit ingertion stage (OIF), the
Thivko! STAR 48B (TEA-T13:18) motor. This ve-
hicle configuration is sdvantageous for missions
that require a very high-energy Earth depatong,
cases in which vehicke stuging effects make # more
cfficient for a third stags to provide an additioaal
energy incroment, The refercice pesfonuaice mis-
sion was argeed stmilerly to the no-OIS case with
the STAR 48B burn ocoursiag just afier Centsoy/
STAR 488 separstion. This vehicle configuration i
simitar to the STAR 37-based Atlas configusation




flown for the AC-27 and AC-30 Pioneer 10 (F) and
Piozeer 11 (G) missions.

25.4 LOWEARTH ORBIT CAPABILITY — Atlas
can launch payloads into a wide range of low Earth
orbits from Cape Canaveral using either the direct
ascent or parking orbit ascent mission profiles. LEO
capabilities typically require heavy-payload modifi-
cations.

Direct Ascent to Circular Orbit — Figures 2-14, 2-20,
and 2-26 show circular orbit payload systems weight
capability to LEOQ using the one Centaur burn mis-
sion profile. The maximumn capability available is
with planar ascent to a 28.5-degree inclination orbit.
As shown, inclinations from 28.5 degrees up o §5
degeees are possible with the direct ascent. Given
known range safety coastraints, direct ascent per-
formance to inclinaticus greater than 55 degrees are
aot possible due to land overflight constraints up the
castyen seaboard of the Unsitad Seates and Canada.
Direci asoent peformance (o reduced inclination or-
bits (down 1o ~ 12 degrees) are slso possible, but at

the sxpenss of substantial performance dut torange

s fety everflight consivaiots over the Ivory Coast of

Direct Ascens to Kilipticad Ovbils — Figures 214,
220, and 226 alsy show ellipuios cubit pesformance
capability using the disect sscent with gevigee altl=
tude &t 100 ami (185 k. Similar range safety and
orbitsl mechanics sonstrsinss fmit Inclinaiions

avsilable with a Flosida lounch, o
Paridag Octit Ascent to Circular Qebl - Payload
- delivery to low-altitude civeular orbit cain be aceom-
- plished by two or move uppes stage busas. The fivss

sion kit. The second Centaur burn will circularize
the spacecraft into the dzsired orbit altitude.

Circular orbit performance capabilities for alti-
tudes between 160 nmi (30) km) and 1,000 nmi (2000
km) are shown for each vehicle in Figures 2-14, 2-20),
and 2-26. Data is shown for 28.5-, 55-, and 63.4-de-
gree inclinations. With high-inclination orbits (incli-
nations greater than 55 degrees), range safety
tequirements require that Atlas meet instantancous
itnpact constraints up the eastern seaboard of the
United States and Canada. Additional inclination is
added in the later stages of the Centaur first burn
and with the second Centaur butn. As desired orbit
inclination increases, performance degradations be-
come more pronounced. High- inclination orbit per-
formance capabilities are further discussed in
Section 8.

5.5 INTERMEDIATE CIRCULAR ORBITS —
Performance data is shown in Figures 2-15, 2-21, and
2-27 for altitudes between $,000 nmi (10 000 k) and
11000 nmi (20000 km). Similar ground rules apply
to the intermediate circular orbit data as to the LEO
circylar orbit data excent with respect to heavy pay-

foad requirements. The lower performance capabili-

ties- associated with the higher energy circular

- milisions should allow use of standard payload

Centaur busen is ysed t inject the \ ataue and pay.
 oad into an elliptic parking orbir. A pak orbit o

igee altitude «f 80 nani {148 ki) i assumed for cur
referznce cases. Expectad parking orbit cozst dusa-
~ dous will requirs usé of the Centaur extended mis-

adapeets.
26 MHSSION OPTIMIZATION AND
T ENHANCEMENT
Allas trajectory desigus are developed using a de-
taited iiegrated tajectory simulation executive and
& state-of-the-art optimization algorithm (sequen-
846! quadratic programming, SQP). The optimiza-
tion capability shapes the trajectory profile from
Hftoff through spacectaft injection into final orbit.
The SQP program uses up to S0 independent de-

sign vatiables chosen to maximize a perfosmance in-

Y]

dex and satisfy specified constraints. Typical contral




variables inciude boost phase initial pitcl: and roll
{launch azimuth) maneuvers, Atlas sustainer steer-
ing, and Centaur steering for all burns. In addition,
space vehicle pitch and yaw attitudes, ignitioa times,
etc. can be included as part of the total optimization
process. The optimization program is formulated
with up to 40 equality and inequality constraints on
variables such as dynamic pressuse, tracker eleva-
tion angle, and rangz safety.

With General Dynamics' experience with launch
of interplanetary and scientific spacecraft. an addi-
tional trajectory analysis toal is available to assist in
N-BODY trajectosy simulztion program is used, in
concest with our optimization capability, in the devel-
opment of launch vehicle missions requiring precision
inertial targeting in which perturbation effects of other
celestial bodies ase required to be considered.

These trajectory analysis tools, along with our ex-
tensive guidance and targeting capabilities, enable
Atlas 1o optimize the mission based on spacecraft
characteristics. The most widely used mission en-
hancement optioas ate as follows:

* Inflight retargeting

¢ Minimum residual shutdown

* Explicit right ascension of ascending node

261 INFLIGHT RETARGETING — The software
capability of the Centaur upper stage muakes it possi-
ble to evaluate Atlas performance in flight and thea
tasget for an oplimal injection condition that is a
funiction of the actual performance of the booster
stage. Centaur can be retargeted to a vaziable trans-
£+ orbit inclination, apogee. perigee, argument of
perigee, or any combination of the above. Inflight re-
targeting can provide a dual performance benefit.
First, the nominal Launch vehicle flight performance
reserve (FPR) is reduced when the FPR contribution
due 1o Atlus dispersions s eliminated. Second, wheth:-

-1

er Atlas performance is high, nominal, or low, the re-
tarpeting logic is calibrated to devote all remaining
propeilant margin to benefit the mission. With inflight
retargeting, any desired level of confidence of a guid-
ance shutdown can be implemented. Inflight retar-
geting was successfully executed for the Atlas
IVEUTELSAT II mission.

2.62 MINIMUM RESIDUAL SHUTDOWN -
Centaur propellants may be burned to minimum re-
siduals for a significant increase in nominal per-
formance capability. When burning to minimum
residuals, the flight performance reserve (FPR) pro-
pellants are eliminated to nominally gain additional
delta-velocity from the Centaur.

It is practical for Centaur to burn all its propel-
lants when the satellite has a liquid propulsion system
that is capable of correcting for variations in launch
vehicle performance. This option is pasticularly at-
tractive and appropriate when the trajectory designin-
cludes a supersynchronous or subsynchronous (PVA)
transfer orbit. Satellites using solid propeilant {fied
impulse) orbit insertion stages require FPR propel-
Lants to ensure that the Cesttaur injection conditions
will match the capability of the fixed impulse stage,

Whea Centaur burns all propeliants to minimum
residuals, the liquid propellant sateilite corrects for
the effects of launch vehicle dispersions. These dis-
persions primarily affect apogee altitude. Variations
in other transfor orbit parameters are minor. The
petformance variation associated with MRS can
also be guantified as an errae in injection velocity
which can be approximated as a dispersion in trans.
fer oebit pevigoe velocity. Table 246 docunwents 3sigma
MRS perigee velocity injection variations for the As-
las family. MRS was successfully exscuted for the
Atlas VCRRES mission launched 25 July 1990.

263 RIGHT ASCENSION OF ASCENDING
NODE CONTROL — Soae satellite mission objee-




Table 2-7. Typical infection accuracies ot spacecraft separation.

Ortit st Contauw/

Sgacecralt Separation 2 Theee-sigmas Ervors
Argurnant

Apoged inclingtion Apogee Perigee Inclination of Pecigee RAAN
Mission {rend (km)) (Ceg) {rml (km)]  [omi{km)]  (deg) (deg) (deg)
Gro 18,287 (35720% 270 57.4 (108§ 13024 02 0.16 0.18
GT0 19.411% (35949 21 58.9 (108 1232 0.G2 Q.18 (1 14]
GT0 22,189 (41034) 193 73143 1222 0.02 o1 o
{Suparsynchronius)
LEO (circuian) 216 (400) 60.0 24 (4.8) 26{4.8) 0.06 NA 0.06
NA = Not Appiicable +GSDI10585-158

tives may require launch-on-time placement into
transfer astd/or final orbit. For Earth orbital ms-
sions, this requirement typically manifests itself as a
right ascension of ascending node (RAAN) target
value or range of valucs. Centaur's heritage of meet-
ing the inertial orbit placement requirements asso-
ciated with planetary missions makes it uniquely
capable of targeting to an orbit RAAN (or range of
RAAN: dictated by actual launch time in a launch
window) in addition to the typical target parameters.
With GTO missions, some satellite mission opera-
ticnal lifetimes can be enhanced by controlling RAAN
of the targeted transfer orbit. A satellite intended to
aperate in a non-2e10 degree geosynchronous final or-
bit can benefit with proper RAAN placement. A dift
toward a zero-degree inclination orbit can help reduce
the typical norith-south stationkeeping budget of the
satellite, thereby increasing the amount of time the
salellite can vemain in an operational orbit.
Control of the node is obtained by varying the ar-
gument of perigee of the transfer orbit and the satel-
Table 2-0. Thvee-sipma performance vesictions with MRS,

Periges velocity dispasions

Aias | 300 Rsac (1.4 misac)

Atas 1 285 Weac (86.9 msac)

Ali23 BA {Cusiom) 285 f/sec (859 misec)
Biock 1) 290 Wsec (88.4 misec)

Asa AS  (Customy 275 R/sec (8.8 misec)
(Bock Y 200 Wsec (853 misec)

FOSE000ES.77
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lite burn location with respect to the equator. The
difference between the inclination of the transfer or-
bit and final orbits, and the latitude of the satellite
burn, determines the amount of nodal shift between
the transfer orbit and the mission orbit. Control of
this shift is used to compensate for off-nominal
launch times, keeping the inertial node of the final
arbit fixed throughout a long-launch window. Cen-
taur software can be programmed to control the ar-
gument of perigee (satellite burn location) as a
function of time into the launch window to obiain
the desired final orbit inertial node.
2.7 INJECTION ACCURACY AND
SEPARATION CONTROL
Atlas’ combination of precision guidance hardware
with flexibie guidance sofiware provides accurate pay-
load injection conditions for a wide variety of mis-
sions. The minimal data required to specify targeted
end conditions provides for rapid preflight retargeting
in response to changing mission requirements. These
functional capabilities have been demonstrated on
many low Earth osbit, geosynchrononous osbit, lunar,
Accuracy for a variety of GTO and LEO missions
is displayed in Table 2-7 and are typical of the three-
sigma accuracies following final upper stage bum.
Ga all missions to GTO (move than 40 1o date). Atlas
has met all mission injection requireinents.




Past lunar and interplanetary mission accuracy
requirements and achievements are shown in Table
2-8. On some of the planetary missions, the guidance
requirement included orientation of a solid rocket
kick stags to achieve the proper final planetary inter-
sect conditions. The major error source on these mis-
sions was the uncertainty of solid rocket impulse.

Table 2-8. Lunar and interpianetary mission accuracy.

FRgure of Merit (FCH) (m/sec)
Mission Guidance
Migsion Requirement  System 1o
Surveyor <S50 70
Mariner Marg <135 35
Maringr Vonus kMercury <135 24
Picnesr 10 < B
Fioreer 11 <3 6
Viking 1 <15 36
Vaing 2 <15 As
Voyager 1 <21 15.2*
Voyager 2 <21 176°
Pionser Veruss 1 <S8 23
Pianeer Venus 2 <1290 32
& Major emor SOUCS - S0l kickelags motor
-GSBR10585-150

2.7.1 ATTITUDE ORIENTATION AND STABILI-
ZATION — During coast phases, the guidance, nav-
igation, and control (GN&C) system can orient the
spacecraft to any desired attitude. The guidance sys-
tem can reference an attitude vector to a fixed iner-
tial frame or a rotating orthogonal frame defined by
the instantancous position and velocity vector. The
reaction control system (RCS) autopilat incorpo-

rates three-axis-stabilized attitude control for atu-
tude and hold and maneuvering. In addition to a
precision attitude coa'rol mode for spacecraft pres-
eparation stabilization, Centaur can provide a stabi-
lized spin rate to the spacecraft while maintaining
roll axis orientation prior to separation. The Cen-
taur system can accommodate spin rate up to 5.0
0.5 rpm, subject to some limitatior due to space ve-
aiicle mass property misalignments. A detailcd anal-
ysis for each Centanr/spacecraft combination will
determine the maximum achievable spin rate.

The extensive capabilities of the GN&C system
allow the upper stage to satisfy a variety of space-
craft orbital requirements including thermal control
maneuvers, sun-angle pointing constraints, and te-
lemetry transmission maneuvers.

272 SEPARATION POINTING ACCURACIES
- Pointing accuracy just prior to spacecraft separa-
tion is a function of guidance system hardware,
guidange software, and autopilot attitude hold capa-
bilitics. In tile non-spinning precision pointing
mwode, the system can maintain attitude errors less
than 0.6, 6.6, and 1.6 degrees, and attitude rates less
than 0.2, 0.2, and 0.5 deg/sec about the pitch, yaw,
and roll axes, respectively (prior to separation) (see
Table 2-9). For a mission requiring preseparation
spinup, these scurces cambine with any tipolf ef-

Table 2-9. Summary of guidance and comirol capubilities.

COMS phase S ie CONEDI:
ROl axis poNting (g, haX angis)
Pascive thermal GOl (e (degsac)

———

1.520.5 ([CHOCkwiss Of COUNMICIOCKRSS)

ciurwuuvmsawuwwmwhawmz

ROl wiis pointing (Heg, hail 3nQle) <07

Body axis rales (Gegec)
Pach +02
Yaw 202
Ao 205
N WA gors KCSIOWINg BApaLION (with §pin requs i
Netalion {3eg, haX angle) <50
Momenksn pontng (deg, Ml ange) <30
S rate (deg/sec) <0230

+HGSBR10685-200




fects induced by the separation system and any
spacecraft principal axis misalignments to produce
postseparation momentum pointing and nutation
errors. Here, nutation is defined as the angle be-
tween the actual space vehicle geometric spin axis
and the spacecratt momentum vector. Although de-
pendent on the actual spacecraft mass properties
(including uncertainties) and the spin rate, momen-
tum pointing and maximem nutation errors follow-
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ing separation ase typically less than 3.0 and 50
degrees, respeciively.

2.7.3 SEPARATION VELOCITY — The relative
velocity between the spacecraft and the Centaurisa
function of the mass properties of the separated ve-
hicles and the separation mechanism. Our separa-
tion systems provide a minimum relative velocity of
1.0 f/sec (0.3 m/sec) and are designed to preclude
recontact between the spacecraft and ihe Centaur.




ATLAS I PERFORMANCE

¢ Elliptical transfer oebit
® Reduced-inclination ellipti=ni transfer ocbit
o PSW versus transfer orbit apogee altitude

 Figgire 2-7. Atlay | nowsinal axcent data.
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Table 2-10. Atlas I performance — PSW vs transjer orbit apogee altitude.

Peytoad Syate:a Weight [ (%))
ANude
(rend (k)]
9%
80.99¢ (1500009 3956 (1799 2826 {1735)
67495 (1250008 4,08 (1833 3907 (ra)
53,968 (400000) 4,160 (1887) 4,025 {1826)
48,508 (90000) 4226 (1917 4,080 (1858)
43,197 (80000% 407 (195% 4170 (1891)
40,497 {75000) 4355 (1979 427 {1913
797 {70000} 4400 (2000) 4210 {1337
35.087 65000y 4,472 (202K) 4330 (1964)
0.7 4543 {2061) 4,400 (1996)
31,048 (575009 4583 {207%) 449 (2614)
29,658 552009 4624 4481 (2033
28,348 {52300 45N 2119 4528 (2054)
26.908 {S0000) 4722 2152 4577 (r 73
25,648 (@735009 o778 @167 4634 @)
24,298 (450000 4,630 (2159 4,680 2125
22948 {42500 4,906 (222%) 4756 (2137)
21.5:8 { 4979 2258 459 190
20248 137 500) 5,081 (2208} 421 (2227
19.324 (35788) 5,124 (2324) 4970 (2254)
18,805 (350000 5,154 238 4569 (2267
17.549 225009 5258 (ra <3 510 2314)
16,180 , 5318 248 527 (2356)
14,849 @7500; 5511 £2500) 5349 (2428)
13.40¢ {25000 5,066 (2570 5502 (2405}
12,145 225009 5850 {2654) $.681 arn
10.790 6.066 (2159 8554 287y
9449 (175009 o327 2870) 6,150 L3904
4,000 {15000y 6,647 (3015} 6.454 (2934
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ATLAS 1I PERFORMANCE

¢ Elliptical transfer orbit
Reduced-inclinadon elliptical orbit

Earth escape

Low Earth orbit

Intermediate circular orbit

PSW versus transfer ocbit apogee altitude
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Table 2-11. Adlus il performance — PSW vs transfer orbit apogee altitude.
Peyioad Systems Weight [® (ko))
el (low))
! MRS 8%

20,954 (150000 5,046 4900 (rees
67.495 {1250004 513 331) 49684 (2265)
53,968 (1000009 5276 233 5,127 (2425)
48,506 (S0000) 5,353 {2428) 5.2 (2356)
43,197 (80004 5444 R0 520 (2400)
40,497 (75000) 5,408 R 5.346 (2425)
97 5,580 (2522 5407 {2453
35,087 50N 5.631 {2554) 5474 (2483)
3297 5712 2501) 5555 @519)
31048 (57 500) 5757 @611 5560

29508 5805 (2633 5,648 255%
28348 {52500 5858 {2856) 5,658

265,948 5915 {2683 5755 (2610)
25648 (42500} 5978 @2 5815 (2637)
20298 (45000 €046 (2743 5883 (26685
25 (42500 ez 5,958 {2762)
21508 {40000 6.206 {2815) 6.041 @140
20248 (37500) 6.300 [, 2y 6,131 (278Y)
19324 5788 637 (2886} £.200 @812
18,868 35000 6404 (2505) 6233 (a2
T30 {32500 6520 £2957) 6,349 {2880
16,150 {20000} 6653 (0 6.478 (2938)
14,849 @7500) 6,006 (3087) 6629 {3007)
1 ki 6983 317 6.802 3085)
12,149 (225003 7,185 (3259 7.002 (3176
10.760 (200008 7431 7) 7244 {3208
o.u8 (175003 122 (350%) 7.5 (3416)
2509 {15000) 0,083 (3856 7.88° {3575)
6.749 (12500 85 {3870 8.335 (3776
5,400 1100008 9,100 (#4132 8463 {3034}
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ATLAS IIA PERFORMANCE

¢ Elliptical transfer orbit

* Reduced-inclination elliptical orbit

* Earth escape

¢ Low Earih orbit

* Inteimediate circular orbit

o PSW versus transfer orbit apogee altitude
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Table 2-12. Atlas IIA (Block 1) pesformance — PSW vs troxsfer orlé apogee altitude

Payicad System:s Weight [® &g))
(e (o))
RS 0%

80.984 (150000} 5454 {2474) 5310 (2409
67,495 {123000) §.555 {2509 5400 {2453)
53,986 {190000) §5.702 (2585 5558 {25209
48,596 (90000) 5782 520 5634 {2555)
€197 (80000} 822 bre ] 5,7% (2599
40.497 {75550 5942 (2685 5789 (2526)
LT A (70000} 6.007 (@725) 5,854 (2655)
35,007 65000 6083 (2758 5929 (2689
2w 66000y 817 {2198y 6.012 @7zn
31,048 S7500 6519 282%) 6.061 {2745)
29.698 (55000 8272 ©2845) 6.113 @
2848 52500 6327 (2870) 6,18 2798)
26908 {30000) 6239 (29358) 6230 (28263
25648 (47500) 6.457 (2929 6296 {28555
24298 (450000 6,532 (296 6,368 (2238)
2548 {42500 6613 {29589 6,448 (2925)
21558 (40000) 6,703 {30409 6,537 {29653
20,268 (37500) 6,804 (>0a6) 6635 (3010
19.%24 {35728) 8880 @2y 6.7 {3534)
12.893 (35000 6916 313N 6. 746 (30608
17,549 (32500) 7043 (31965} 6871 B1n
16,198 (30000 7,188 £3260; 7.008 1
14,849 {27500 7.345 (3322 7474 {3254)
13499 (230000 7.543 3421 7,361 3329
12,149 (225009 7.766 3523 7.580 {3438
10.7%9 20000} 8,030 (3642} 7838 {3584)
9.449 {17500 830 3y 8,150 {3397

8.039 {15000 8.1 (361) 8.5%2 387G
6749 (125005 9,226 4185 9018 (4085}
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ATLAS IIAS PERFORMANCE

e Ellipiical transfer orbit

* Reduced-inclination elliptical osbit

* Earth escape

* ELow Earth orbit

Intzrmediate circular orbit

PSW versus transfer orbit apogee altitude
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Toble 2-13. Aiias IAS (Block 1) performance — PSW vs transfer orliit apogee aliitude.

Payioad Systermna Weight [ (kgj]
Aituds
fnmd (km)]
0%

80,954 (155000 6585 £3033) 6,528 {2961)
67.495 (1250004 6.802 (3086) 6642 (513)
53,993 (100060) 6.974 (3163) 6811 X
48,596 {93000 7.067 (32063 6.902 3131}
43,197 7.18% 3257 7016 3189
40,497 @5000) 7249 (3238 7.082 3215
r.y {70000 7328 3323) 7,155 {3245)
35,087 650000 7.4% (3363) 7283 {3285)
32397 754 {3408) 7.342 {330
3106 (57500} 7570 (3434) 7.357 335
29,698 {55000 7631 (3469 TAST (3382
23348 (525000 1.697 (3491) 7.521 3413
26998 {50000) 7.759 {3524 7582 {3444)
25,648 (475004 7,847 (3559 7.669 {3479
24,298 (450004 7933 (3538) 7754 {3517)
22548 {42500 8,027 {3541) 748 (3555;
21,598 {42000) 8.1 {3689) 7548 {3605}
20248 (75008 8249 (3742 8.063 (3657)
19,324 35768) 8.337 {3781) 810 (= ooy
18.898 (350005 83719 £3801) 818 {3716
17.549 (32500) 8,529 {3865} 8337 a8y
16,199 (300003 8,696 (3344) 8501 (3856
14849 (27500 8883 {4031) 8683 (3341
13439 (25000) 9,106 @) 8.907 (S48
12,149 25003 9,969 (42500 9,162 (2156}
10.799 (20000} 9674 {6388) 9,464 {aasy

9,449 (17500) 10,047 {4557) 9823 {4458}

8.099 {15000 10.500 (4763) 10.276 {4687}

6.749 (12500) 11073 {5023 10,840 317

5.400 {10000 11,812 5358) 11,568 248

GSE0585-208

80 i {148 km) penigae paking o, 90 rvii (167 kin) perigios Yaneier orbit,
27000 INCING.za i, 130-Co0rea argument of pengoe; Llarge payicad tainng
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3+ ENVIRONMENTS

This section describes the environments to which
the spacecraft is exposed. Prelaunch environments
are described in Section 3.1, flight environments are
described in Section 32, and spacecraft tests
requirements are described in Section 33.

3.1 PRELAUNCH ENVIRONMENTS

3.1L1 THERMAL — The spacecraft thermal envi-
ronment is controlied dunng preiaunch activity,
maintained during ground transport, and controlled
after mate to the launch vehicle.

Environments in the spacecraft processing areas
at Astrotech are controlled at 21-27°C (70-80°F)
and 50 + 5% relative humidity. Postable air condi-
tioning units are available to further cool test equip-
ment or spacecraft components as required.

During ground transport, the temperature within
the payload fairing remains between 4 and 29°C (40
and 85°F), with positive pressure provided by aGN;
purge. If required, an optional eavironmental con-
trol unit can maintain temperature between 15 and
25°C (S0 and 77°F). In both cases, the relative hu-

Following spacecraft mate to Centaur, gas condi-
tioning is provided to the payload fairing at the re-
quired temperature, humidity, and flowrate. Air
with a maximum dew point of 40°F (4°C) is used un-
til approximately two hours prior to lauach, after
which GN, with 2 maximum dew point of -35°F
(-37°C) is used. Table 3-1 summarizes prelaunch
gas conditioning temperature capabilitics for the
nominal coafiguration and for a fairing with a
mission-peculiar thermal shield. The opticaal ther-
mai shield allows greater coatrol over payload fair-
ing internal temperatures during prelaunch gas
conditioning. The shield consists of a norcoatami-
nating memorane attached to the inboard surfaces
of the FLF frames as shown in Figure 3-1. Mission-
peculiar arrangements for dedicated purges of spe-
cific componeats can be provided.

The gas to the payload arca is supplied through a
ground/airborne disconnect on the pavivad fairing
and is controtled by prime and backup environmental
coatrod units. These units provide 2ir or GN, coadi-
tiened to the following parameters (Figure 3-2):

midity remains at or below 50%. o Cicanliness: Class 10,000 per FED-
During hoisting operations the encapsulated STD-298
spacecraft is purged with dsy gaseous nitrogen with Ciass 5,000 available on
relative humidity at or below 50%. request
Tecile 3-1. Gas conditioning capabilines.
Yomperatiwe Rangs inside Paytozd Faling®
, 118 PLF 14-& PLF
With With
tndat Teenp Rowvata Thermal Thermal
Cagabiity Capabiey Bassine Shield Baseiing Shisld
nsicse Tower 50-85F 80 - 160 'un &4 -TS*F €2-65°'F 51-78'F 61-69°F
{10-29*C) 6D -1.21 kg'sac) {(12-24°C; (17-20°Cy (M-2°Cy  (16-21°(
ASar Tower 50-85°F 80- 160 &x'min 47-83°F 61-68°F 40-567¢F §0-70'F
Remowal (10-29'Cy  RES-1.215455ac 8-28°Cy {16-21°C) {#-31°Cy (6-21*C)
* TOMBIAETe (ANO8E a0 MEUELALW (witin SyE56m Canatiity) a0CHting 1 SRECECIAR 19 RarGMmants. +GSED(SAS5-18

ADOVS (AN0NS sk 3 160 Bo/oin (1.21 kgsac) Row ram.
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Figure 3-1. Tie thermal siieid optio.

* Lkt Tmperate:  Setpoint Srom 50 w 85°F
(10 to 26°C)

* Inlet Temp Coatrol = 3°F (2°C)

¢ Filiration: 0.3 aticrons

* Flow Rate: Adjustable to aay set point
between 80 and 160 lw/min
(364 10 72.7 kg/min)

* Dewpoint (Max)  40°F (4.4°C) air
-35°F (-372°C) GN,

Internal ducting directs the gas upward t provide
uniform distribution and prevent direct impingement
on the payload. The conditioning gas is vented to the
atragsphere through oas-way apper doors in the aft
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Fgure 3-2. The puylocd fairing air conditionisg system pro-
wides @ comirolizd thorwal evirommend duriag goind
checkout cad preluunch activities

end of the fairing This baseline design ensures that

average gas velovities across spacecraft components
are less than 7 fUsec (3 aafsex).

3.1.2 RADIATION AND ELECTROMAGNETIC
- To enswie that electramagaetic compatibility
(EMC)is achieved for cach bavuch, the electromoag-
netic eaviroament is thoroughly evaluated. The
spacecsaft customer will be soquired o provide all
data necessary W support EMC analyses {see Ap-
peadix B tables) employed for this purpose.

d.1.2.1 Lausch Velicie-Generated Radio Envison-
meat — Launch vehicle intentiona! transmissions




are limited to the $-band telemetry transmitters at
10.8 dBW and the C-band beacon irai:sponder at
28.5 dBW (peak) or 26 dBm (average)

Figure 3-3 shows the absolute worst-case antenna
radiation environment generated by the launch vehi-
cle (LV). The curve is based oe transmitter funda-
mental and “spurious output” requirements and
assumes: (a) maximum transmit outpus power, (b)
maximum ant~en3 gain and minimum passive line
loss (i.e.. measured values at transmit frequency ap-
plied across the entire frequency spectrum), and (¢
straight-line direct radiation. Actual levels cacoun-
tered by the satellite (influenced by many factors)
can only be less than the levels depicted on the fig-
ure. Initial reductions are provided to the user upon
determination of which launch vehicle and payload
adapter will be employed.

3122 LV-Generated Electromuguetic Enviren-
ment — The uninzeational EM environments genes-
ated by the LV at the satellite location are depicted

countered by the satellite will approach the typical
kevels depicted in the figures.
3.1.23 Launch Range Electromagnetic Eaviron-
ment — The EM envitonment of the launch range is
based upon information contained in TOR-0084
(4338-42)-1 Reissue B. An EMC analysis will be
perfosmed 1o ensure electromagnetic compatibility
of the spacecraft/launch wvehicle with the range
environment.
3.1.24 Spacecraft-Generated Envircnment Limi-
tatior — Duriag ground and launch operation time
frames through spacecraft separatiod, any space-
crafit EMI radiated emissions (including antenna
radiation) should not exceed the values depicted in
Figure 3-7. LV/SC external interfaces (EMl-con-
ducted emissions) must be addressed individually.
Each paylead wili be treated on 3 mission-
peculiar basis. Assurance of the LV/SC EMC with
respect to payload emissions will be a shared re-
spousibility beaween General Dynamics and the in-

in Figezes 34, 108, ard 35, Actual levels o been-  dividual spacecra®t contractor.
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313 CONTAMINATION AND CLEANLINESS

— Lauich vehicle hardware thas comes into contact

with the payload eovironment has been designed

and manufactured in accordance with strict coa-
tamination controd guidelines. This hardware is de-
finsd as contamination-critical and includes the

Contaur forward cquipmeni arca, the paylcad

adapter, and the interios surfave of the payload fair-

ing. Ia additioa. ground operations &t the lunch site
have been designed to ensute a cizan envirGament
for the spacecraft. A comprehensive Contamination

Coatrol Plan has been written to identify these re-

Quirements and procedures. Some of the guidelines

ar< practices employed in the plar are as follows.

1. Precauiions are taken dunng manuiactese, as-
semnbly, test, and shipment to peevent contami-
cnitical launch vehicle suilaces.

2. Launch vehicle contamination-crutical surfzaces
are cheancd using approved matenial and prove-
dures, A final visual inspection for cleanliness
Mmmmu&;mimw asap i

3. The encagsulation process is perfosmed in a &y
cility that is environumenially coatralled to Class
190000 conditivas per FED-STD-%8, All
bandling equipment 15 teantoom-compatible
and will be cleaned and inspected before enter-
ing the [cility. These environmeatally coa-
trolled vonditions are availabic for 3Bl remote
encapsulatioa facilities (i.e., Asirolech)

4. Fersonndd contsols are emploved to limit access
W the paylead faising o maintain spacecrait
ckanliness. Contamination contred training is
provided wall aunch vehicle perscanc! working
0 o around the encapsulated payload fainiag,
General Dynamics provides similar training to
spaceciaft personnel working on the spacecrait

wiiile on the txunch cower iosnsure that these in.

dividuals ase famitiar with the proseduses.
3.13.1 Contamination Cantrol Prior to Launch
Site Delivary
esign and Assembly — Contamination control
principies are employed (o the design and manufac-
turing processes to Hmit the amaunt of contamina-
tion that can be cxpected from lzuach wehiclke
componznts. Interior surfaces include maintsinabil
ity featuzes t fcilitate the remesal of manufactar-

‘ing contaminants. The Ceataur wehicle is assembled
~ina Qlass 100000 facifity % ensuse that the hardware

susfaces, and i pasticular sy entrapaent areas,
are maintaized at an socepiabie level of cieaalingss
pitor to shipment to the bunch site. kﬁ{k\-ﬁ?ﬁ
points are provided to venify clesnlisess throughout
the assembly process.

Materisis Selection — In general materials are
soleeted for vse On contamination-crivical hardware
taterior te the PLF that will st become a soirce of
ontasunation W the spacecraft. Metalic o noame-
tafiic materials thut are known to chip, flake, os pect.
asd cadmivm ;s&a&sng. ans plating sad uafused
clectiodopostied. @n are probibited from use
Corrsion-resistant materialy are seleeted whereves

passible and dissimilar enaterials are avoided ot

protzsted in acsordance with SUL-STD-8598. Since
most nonmetallic matenals are knowa to exhitvt
some sutpassing, these matetials are evalusted
against NASA SP-R-Q022 critenta prioe to sclection.
3.0.3.2 Contamxinative Conivol Prior o

Cleaniiness Levels — Contamination-csitical bord-
ware surfaces asre cleangd and inspected to spegific
criteria. This cheoks for the absence of all particu-
Lite and molecular contamicunts visible to the
unided eve at a distance of 6-18 wches (153457
aun) with 3 mimimun tHumination of 100 feot-
candles (L0% ln/m®) This criterica is Visibly




Clean Level 2. Hardware that is cleaned to this
critorion at the assembiy plast is protected W

maintain this level of cleaaliness through shipping -

and eacapsulatios.

Contingency cleaning may also be required to
reatiain this level of cleanliness if the hardware be-
cuses contaminated. Contiageny cleaning proce-
dures outside of the encapsulatica facility piior o
encapsulation are subject 0 General Dynasucs en-

gineering approval. Cleaning of the launch vehicie

bardware that s required in the vicinity of the
spacecraft must s be approve * by the cognizant
spacecrall enginegy,

Certain poyioads may requar that coataming-
von-critical hardware Jutfades be cleaned w0 3 kevel
of cleantiness other than Visibly Cleaa Lanel 2 Be-
cause aiditional eleaning and verification may be
needssary, these reguirements are seplengnisd g a
mission-peculiar basis,

Paplusd Fairing Cleaning Techaigues — Generad
Dynamics recognizes that effective cleaning of the
targe intevior payload (uning surfaces depends on
the implementation of well planned cleaning prove-
dures T schieve customer requireaents, ol clean-
ing provedurss are verified by west and are reviewed
and approved by Materia! and Processes Engincer-
ing. Final cleaning of the paviead fainng s
perforsmed ina Class 02800 fanhty Jwt prior
encipsulation
Cleanliness Verification — All coaraminathanssiti-
€3l hardware surfases are visaly nupected tovenfy
the Visibly Clean Leved 2 oritenia described above
The addivional verifivavion techniques shown below
can be provided oo a mission-umigue basis:
* Paruculate Obscuration — Tape Lift Sempling
* Neawoiatile Residue (NVR} — Salwent Wipe
Sumpling

‘ o Paruculate/Moleculur Fallout — Witsiess Plaws

3-7

3.1.33 Coutamination Coatvel after Encapsulation
Contamiaation Diaphragm — After the two halves
of the payload fairing are joined, the encapsulation
is completed by closing the aft opening with a GSE
seinforced plastic film diaphragm. The doughnut-
shaped diaphragm sireiwhes from the pavioad
adapter 1o the alt end of the payload fairing cylinder
protected environment for the

3

angd creales »
spapecyafl through mating 10 the Ados/Centaur.
Adeer the spacecraft is maied, the diaphragm
remains in place until final payload fairing clossout
when st flight doors are insialled. This assists in
prodecting the spacecrali from possibie contamina-
tion durig Conmizur operations porformed 8 the
faunch wwer afler wating.

Payioad Fairing Purge - After escapseiaiin, the
payioad fainag srvironment i conlinpousy puigad
with HEPA fiered goses {mitvogen o7 s toepsues
that the clegnlincss of the eavirotimeat dosy &
excecd the mguueinents of Tlass HGRK per
FEDSTD-2PB. Gowgral Dynaimis  goarssiess
that the gas at the inlet 1© the paviuad fassing doos
ot ewved Class .84

Camples 36B ECA — The Compinx 308 Sevvee
ss the
encapsulited payload fairing are designated as an
Eavisgamentally Costrolled Area (ECA)} These
wevels have bees consirusied o that they dan be
sealed off from the exterivr covironawnt. Upoes
sealing olf these kevels, a separate air coaditiosung
system supplies HEPA filtered air to the envinog-

Tower acvess Lvels that are used 10 augess

ment. This provides for a coatrolled ceviroament
outstide of the payloat fairing when acoess douss are
opesied. “Claanroom gasments can be provided to
spacecraft personnel working 090 these levels o
prwide optimum control as dictated by spaccciaft

requirements.




32 LAUNCH AND FLIGHT ENVIRONMENTS Tadle 3-3. Spacecraft imit load factors for Atlas HAS.
This section describes general environmental condi- Load . Staady-state Dy

tiols that may be encountered by a spacecrafi Concition  Direction @ (g ‘
duiing launch and flight with the Atlas launch Lsunch Axial 13 +18

vehicle : Latersi - 213

] _ Faoye wincs Axigt 22 =203

3.2.1 DESIGN LOAD FACTORS — Txksign koad L2igrgl a8z 212
factors are provided s Tebles 37 20 3-3 & wse in BECTTRS i) 52 =05
fax el izaral - =05

. e n , e i (aErAl) Axal 25-10 210
vealuating (he suliabidny 4 e Adas veluck lsan Latars!

i
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Bz Transient kasg analyses will be performed dure ——l .
g the inlegration activiy 1 peovide e sowal T Bucairgoxe Hm'%a;
laads on the space vehicle for both prisary and 00 e a quasi-stzadvsiate aud aillatory %m%
sadary strustuse. The toad Dicwors are separated  Toiad ks factoss in & Jiresnion are abtaired by add-
ing the steady-state and dynimic portion of the kad

Tahde 2.3 Nagcwaree® L fxed fortarg B diis F o
fahie 292 wgrw.uwéwumﬁawl. I, ool factoes.
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@ .. an gscoustic coviiomnent thraghout the hoost

CAs 12 212 phass of Higha wndil the vehicle is out of the senuible
‘%
A

A
g

Lyars - 218 . . d -
. - abmospRers. 1w0 portons of fght have significasily
. higher atoustic fevels than the others. The highest
5 sooustie kevel ooowrs Tt approxumately § secouds
during hiftefl, whon the wooustic energy of the suging

T T Ax ¥ 1. , s
frasss Sx Bw ag alszust is being refiected by the Lunch pad. The
SECO Avas 20-00° £02 other sigaificant level securs for apprmimately B
Lasry - 203 seconds during the transonie portion of Ripht and is
MECO Axial 40-00° 205 2 o transon odyRarte shock waves and ;
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. tion of each spacecraft depending o its siz, shape,
aad surface material properties. Acoustic souad
pressure levels for both the 14-foot and 11-foot pay-
lozd fairings are provided in Figures 3-8a through
3-8c. The levels presentod are for typical spacecraft
of square cross sectional area with 50- 6% fill of the
faiving by cross sectional are2. A mission-peculiar
acoustic analysis is required for spacecraft with oth-
er fill faciors to bound the acoustic environment.

- The spacccraft should be capable of functioning
propetiy after ons-minute exposure to this kevel. For

- the id-fect payload fairing with acoustic Manket,

special considerativa should be given W compo-

nets located within 30 in. (76 em) of the payioad

fairing vents {the 13-fouk payisad faiting verts are-

fewer in aumber and bocated fariler from the spacs
craft ceveione). Sound pressure kevels for cwinpo-
sznts iocated near the vents are givea in Figure 284,

An aptioaal mission-peculise acoustic bianket
Jesign is available (see Figure 3-9) to seduce high-

freguency acoustic energy within the paylsad enve-

lope. No reduction in clearance envelope results
from inclusion of the blanket since the current de-
sign cails tor placement between existing frames.
323 VIBRATION —The spacecraft is exposed toa
vibration environment that may be divided into two
geaeral frequency ranges: 1) low-frequency quasi-
sinusoidai vibration and 2) high-frequency broad-
band random vibration.

The low-frequency vibration tends to be the de-
sign driver for spacecrafi structure. An envelope of
the Atlas/Centaur flight measured low-frequency vi-
bration under 100 Hz ncar the spacecraftinterfaceis
shown in Figure 330 Tae pesk responses oceur for

2 few cycles dunng transient events such 23 launch, ,:
-gusts; BECO, jeutison events, and MECO.

Coupled ioads assalyses show that inictface accel-
crations are highly variahle with the specific space-
crait dynamic characteristics. Thus, if the xal
spacecralt ix tested 24tk 3 sinusidal base vibratian,
# 1 recommended thai the input levels be tallsvad to
the regponze levels comnistent with the misdions
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Fgure 3-8 Accustic levels mecr the verts with thie 14-fooi payload fairing,

peculiar coupled lpads analysis and/or inflight re-
sponses of similar spacecraft.

The high-frequency random vibration thay the
spacecrafi cxperiences is primarily due to the acous-
tic aoise field, with a very sinall portion being we-
chanically tramgmitted from the engines. The
aceustically excit! yandoin wibration eaviranment
tends to be the dexign diiver for components and
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small structure suppuits. The high-frequenicy vibsa:
ton Yevel will vary fiam one location to-another de-
pending on physicai pioperties of each area of the
spacecraft, Since the vitration level at the payload
intesface depends on the adjacent struciure above
and below the interface, the exact interface kewvel de-
peaids oa the stzuctaral characteristics of the fowet
portion of the spaceciaft, the particular PLA, and
how the acoustic field is influenced by the pasticular
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An acoustic test of the spacecraft will more accu-
rately simulate tiee high-frequency environment that
it will undergo in fight than will a random vibration
test. If the spacecraft is mounted to a test fixture that
has structural characieristics similar o the PLA,
then the vibration levels at the interface will be simi-
lar to the flight levels. It is not recommended to at-
tach the spacecraft to a nigid fixture during the
acoustic test since the interface vibration will be 2ero
at the LV interface attach peoint. but at some dis-
tance away froin the interface the vibration levels
will be simélar to flight levels.

3.2.8 SHOCK — There are four pyrotechnic shock
cvents during flight on the Atlas I and thice events
on the Atlas 1 vehicles. These are insulation panel
jettison {(IP3) payload fairing jettison (PFJ), Cen-
tauy separation from Atlas susizingry, and spacecrait
separation. Since the system for Centaur separation
feom Atlas is located far froni e spacecraft, the
shiock is highly attenuated by the time it reaches the
spacecrait and does not produce a significant shack

at the spacecraft interface. The separation devices
for iPJ and PF) are located closer to the spacecraft,
and thus the shock at the SC interface is noticeable.
The spacecraft separation device is at the SC/Cen-
taur interface and produces the highest shock.

Figure 3-11 shows the expected shock levels for
SC separation for a tynical spacecraft at the space-
craft separation plane for the Type A, AL B, Bl.and
D adapiers. Based on separation shock tests, the
shock levels for the Type B, B1, and D adapters have
been raised from 50 to 183 and 150 g's at 100 Hz. For
user-supplied adapters and separation systems, we
recownmend that the actal separation device be
fired on a representative payload adapter and
spacecraft to measure the actual level andfor Gualify
the spacecrafl. Figure 3-12 shiows the maximuim ac-
ceptalie siock fovel at the equipinent module inter-
face for a customer-provided separation system.
3.2.5 THERMAL
Within Fairing - The paylead fairing protects the
spacecrafl during ascent to a nominal alitude of
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Fipire 3-12. Mavimum cliowable spacecrafi-produced shock al equisment module interface.

appraximately 370000 £ (113 000 m). Aerodynamic
heating on the fairing results in a time-dependent
radiant heating envircnment around the spacecralt
prior w fairing jettissn. The fairing uscs cork on the
extemnal conicai surface to minimize fairing skin
temperaivies. The inner surfaces of the cnve and
cylinder have a bow-emittance finiish (¢ <0.1), which
uiinimizes heat transfer to the spacecrall. It should
be noted that the payload falring boattail and split
barrel do ut have a low-emittance coating and,
tiwrefore, have an emissivity of €x09. The peak
beat fux cadiated by the cone and cylivider susfaces
is logs than 125 Biu/te-R2 (400 Wim?), and the peak

wepetdtures remain below 0°F (190°C) at the

Aer Fairic Toftivon - Fuiriig jettison occurs
when the dsigma maxintum free avdecular et fley
uecteasts to 6.1 Biu/sec-i? (1135 Wim?), Jettison
liming can be adjusted to meet xpecific mission
tequirements. A typical fiee molecular healing
profile is shown in Figure 3-13. Since actual protiles

313

are highly dependent on the traiectory flown, this
daia should nat be used for design.

The spacecraft therma! environment followiny
fairing jeltison includes free molccutar beating
solar heating, Earth albedo heating, and Earth ther-
uad heating, plus radiation t 2he upper stage and to
decp spave. In addition, the spacocraft is condue-
tively coupled to ihe fosward end of thie Centaur up-
pev stage through the spacecraft adaptee. Solay,
albedi, and Easth thermal besting van afl be con.
tiolizd as required by the spacecraft by specification
of taunch times, vehick orientaticn (including rolls),
and proper weission desize

The Centaur itsell nominally piovides a benign
therenal influence to the spacecraft, with radiation
environments tanging from -0 t 125°F (<45 1o
$POCT and il bowrraeitures guming Sy 50
to 120°F (4 10 49* Chat the forward cand of the space-
craft adapter. Neither the upper stage niain eugine
plunies nor reaction costiol system (RUS) engine
plumes provide any significant heatiag to the space-
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Rewre 3-13. Tipical Sree moleculir heat flux profiles (cuample omly: 20t to be used for design).

craft. The main engine plumes are nonluminous due
to the high purity of the LH; and LO; reactants.

3.2.6 STATIC PRESSURE (PAYLOAD FAIRING
VENTING) — The payload compartment is veuted
dusing boost flight through onc-way veat doors. Pay-
load congrartment pressures and depressurization
sates are a function of the faiting design and trajee.
tary. The 16t faiving verd acea was designed o have
a depressurization vate of no mare than 1.0 petfsec
(69 kiwex). Typical predicted pressure pndiles
and maintum depressunization vate piofile for the
18-01 faiving axe shown in Figures 314 and 318, re-
spectively. As shows in Figure 3.15, the depeessusi-
2ation tate s typeally bess than 03 peifcec (21
wPa/see) except for 2 shawt period, when the aunch
it apewoaches U8 paifsac {89 KPafsec).

The 18-fout fainng vent arca was designed for a
depressurization rate of no mave than 06 peifsee
{4.14 kPafsec) Typical predicted peessure profiles
and maxizium depressurization rate prolile for the

11-fi faiving ave showen in Figures 3-16 and 3-17, re-
spectively. As seen in Figure 317, thwe depressutiza.
tion rate is typically less than @3 psifsec (21
kPa/soc) exiep for the short transonic period, dur-
iag which the depressurization rate eppioaches 0.6
peisec (4.14 kbajse).

The vent area of the Liunch wehick payload
adapters is Gesigned sssuming that the spacecialt
does not vent an appreciable amount of interaal vl
uine through the paviad adapter. I te user reguires
such venting, missi et 2lisr reodificativas can be
307 CONTAMINATION CONYROL
seconds frocn faunch, the Atlas sustainer is sepa-
rated from Centaur. After separation, eight réiro-
rockets near the aft end of the Atlas (Station 1123)
are fired W0 ensure the expended Atlas stage moves
away froem the Ceataur. These eight retrorockets use

. solid propeilaats, and exhaust products will coasist

1
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Tiwe verorocket nozzles are canted outboaid 4
degroes from the theust axis. This cant angle ensures
that virtually no sodid pasticles will impact the space-
craft. Exhaust gascs that impinge upon the space-
craft are rarefied and should not be 3 contimination
canwern, as the spacecrafi surfaces ave still relatively
warm from pretaunch payliad coaipaitent gas con-
3212 Upper Stage Resction Costrel System
(RCS) — The upper stage RES consists of twelve
6tbl (27 Ny hydrazine {Naly) thrusters for setiling,

L.i6

zoll, and attitude control requitements. Fows thrus.

ters priwide axial thrust, four provide piteh control,
and four provide yaw control. They are located
slightly inboasd on the upper stage aft bulkhead.

Pyior t uppey stage/spaceciaft separasion, the
spacecrafl will oot be exposed to RCS exhaust
plumies. The RUS thiuster's inboard locative on the
aft bulkhead precludes divect line of aviess between
the spacecraft and tirusters.

After separation, some minor spacecrafl im-
pingement (rom thruster exhaust pluiies may ooour




during the collision/contamination avoidance ma-
meever (CCAM). CCAM is designed to more the un-
per stage a safe distance from the spacecralt after
separation,

A typical CCAM sequence is shown in Figure
3-18. This figure shows typical spacecraft motion af-
ter the separation: cvent as longitudinal and latzvai
distance from the upper stage. Included are contour
lines of constant flux density for the plumes of the
aft-firing RCS settling motoss during operation. The
plunes indicate the relative rate of hydrazine ex.
haust product impingement oa the spaceceaft dur-
ing the 28-ON phase prior to blowdown and during

bydrazine depletion. There is no impingement fur-
ing the CCAM 45.ON phase because the spacecraft
is forward of the settling motors.

3.2.73 Upper Sisge Main Eagine Blowdowe — As
part of the CCAM, hydrogen and oxygen are ex-
peiled through the engine system to further increase
upper stage/spacecraft separation disiance. Hydro-
gen is expelied cut the engine cooldown ducts, and
oxygen is expelied out the main engire bells. The ex-
pelled producis are hydrogen, axygen. and trace
amounts of helium, which are noncontaminating to
the spacecraft. Figure 3-19 identifies typical main-
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328 RADIATION ANG GLECTROMAGNETW
COMPATIBILITY — The description of eaviion-

ments priwided in Section 3.1.3 encompasses wont: -

case flight eavironments.

30 SPACECRAFY COMPATIBILITY TESY
REGUIREMENTS

Spwcecrafl Struciurs? Qualillestion snd Accép-

tauce Testy —~ Geaoral Dyvamics requites that the

spacecraft contractor prowide the appwopsiate dats

o indicate compliznie with the Atlas lsunch vehiche

- Spactcrafl steuctural capability incluces iteais

such as shock, static toad, suodal stsvey, sine vibea

craft. Spavecraft tost levels oay be mdificd by
coupled toxds aualysis resulls.
CGeneeal Dytigmics also suggests that the space-

eraft contractor devonstrate the gpacevalt capa:

 biliy o withstand the thermal and EMPEMC

COvTOnORS.

Flight hardware it checks are petfvmed W verify
the mating inlecfices and enwhopes. Tabie 3 didea.
uifics the sugpested spacecvaft quatitication and sc-
ceplance tests to ensure adeguate wsnpliance with
the Atlas esvitoaments. Specific testkovels snd mars
s, based on the Right envizenuments provided, are
proided carly in the integration prodess.

Tale 34 Spaconft quidficatnn and oxeplance sest

analysis esults. The coupled boads anslysis is per-

fovned by Gencral Dynantics using a customcr-
provided and approved math modad of the space-
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4 + SPACECRAFT INTERFACES

£1 SPACECHAFT-TG-LAUNCH VEHIU i ¥
INTERFACES

Alf eawveloges and adopiés information given is tobe
used only 5 & guideline Ultimate control of wiis
information is through the mechasical imeiisoe
conired decumed Shgir modifications w0 the
sovetopes and adaplers cen be accrmamodated on &
mission-reruliss/uatgue dasis.

418 MECHAMNICAL INTERPACE--FRYLOAD

FAIRINGS ~ The Atlas user Bas a chuige between

the large and madium payload faining SonBguta:
SO0,

4,134 a&n? Psioad Fairing ~ "Eix‘ tasge payhoad
facring (LPFY 1§ 3 rworhal «sa‘!:ii 3o

e

o, o5 dlien
of shuningm
pRE Ay i:i*aaiiﬁx xivwe weriht veetioah spit-

in Figure &1 The spgcture consnis of
wiirfatyingae i
e fungavoas. The i’zé“m;, cyiudsioa section s at-
teched s the lnunch vehichesiih o ﬁv:txmz -t hevgtiodd
st The elndelual woises *wm&?!- TLE fowt

RIS mbad Jeagan for thy spacentaft, The semdrical

are monnted on the intermal serizee of the beatrd
Ducting for the ugper siage } hydrogen tank venong
system and cooliag dusts for the equipment moduole
paskages are also attached o the boavwl Four

farge dones on the boastall provide gocess to Cens

© taur eguipment module packages anid thie bowce po-

woton s mppsd by u salest sost cone and 8
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The spococraft thermai and acoustic environments
can be tailored for each mission. Access doors inthe
{airing are provided as necessary to mieet spacecraft
requirements. RF reradiating srtennas can be pro-
vided if required for RF aeeess to the spacecrafl.
4.1.1.2 Redinzen Paylead Fairing — For payloads
that & rot require the valume of the large payicas
fairing. 2 12.8-ft{3.3-m) diameter {aining 1s available
i{Figure 4-2).

The medium payioad fairing (MPF) is also 2 two-
half-shedl structure consisting of skin/stringer/frame
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Pgkere -2 Madium (11-foot) paylocd funeg configura-
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construction similar to the LT%. Vs fairing cylindni-
cal section is attached to the faunch vehicle with the
split barrel. The cylindrical section provides i28
feet (3.9m) of length for the spacecraft. The cylindn-
cal section is topped by a conical nose cone and a
spierical cap. Both the cone and cap are the same as
tie LPF

The MPF and the split barrel provide spacecraft
protection (thermal, acoustic, electramagnetic. and
envirenmental) similar to the LPF and boattail.

The MPF and split barrel include mounting pro-
visions for cquipment and systems similar to those
in the LPF. Four large doors in the split barrel pro-
vide access to the Centaur equipment module pack-
ages and the lower portion of the payload
compartment.
4.1.0.3 Spacecrafi Static Envelopes — Figure 4.3
shows the usable spacecraft static volume provided
by the large payload {awing. This envelope provides
a usable diameter of 143.7 inches (3650 mm) in the
cylindrical portion of the fairing. The aft portion of
the envelope is reduced to allow for jettison clear-
ances of the payload fairing hardware. The aft por.
tion of the envelope around the spacecralt adapter
varies for each user, depenrding o which spacecrafl
adapter configuration is used.

The usable static volume provided by the medium
payioad fairing envelope is shown in Figore 4-4. This
provides a usable diameter of 118 inches (2921 mm)
in the cylindnca! portion of the fairig. The aft por-
tion of the envelope is teduced to allow fur jettison
clearances of the fairing hardware. The aft portion
of the envelope around the spacecraft adaptes varies
for each user. depending on which spacecraft
adapter configuration is sed.

Lavelopes surrounding Type A, Tvpe AL Tipe B,
Type B1. Type C. Type C1. and Tope D adapters and
the equipment mwodule are shown in Figures 45




through 4-11. The spacecraft envelopes defined in
these figures represent the mavimum Sllowable
spacecralt static dimensions (including manufac-
turing tolerances) relative to the spacecraft/attack
fitting interface. Spacecraft dyramic deflections
lave beer: taken into account in arriving at these en-
velopres assuming that snacecraft primary structure
first lateral modes are above 10 Hz and first axial
modes are above 15 Hz. In addition to spacecraft dy-
namic deflections. these envelopes include allgw-
awes for payload fairing static and dynamic
deflactions. maaufacturing tolerances, out-of-round
conditions, and misaiignments. With these assuimp.
tions. a minimum one-inch clearance between the
spacecraft and the payload fairing i1s ensured. Re-
duced clearances may be permitied in the area of the
spacecraft-to-launch vehicie interface and wili be
analyzed o8 a nussion-peculiar basis.

Clearance layouts and analyses are performed for
cach spaceceaft configuration and, i neeessary,
catical clearances are measured after the fairing is
installed 10 ensure positive clearance during flight.
o accomplish shis, it is important for the spacecraft
description to include an accurate physical location
of all points on the spacecrafl that are within 2ia, of
the allowable envelope. The dimensions or spase-

$-3

craft mode! must include the maximum sanufactur-

ing tlerances

Fov spacecrafi secondary struciure (i.e., unsevured
antenras. thermal hields. eic. ) i the viciniy of the en-
velope, or for protrusions that may extend outsde the
emvelnpes shown, coondingtion with General Dynamics
£ repiired to define appropnaie emvelopes.
4.1.1.4 Spacecrafl Accessibility — The four large
doors in the afi {boattail or spiit barrel) poriion of
the payload fairings will provide primaey aocess to the
encapsulated spacecraft. These doors (Figure &12)
provide an access opening approaximately 3 inches
{762 i) wide by 28 fuckes {660 mm) tali {LPF boat-
tail) and 40 inches (1016 mm) wide by 36 inches
{914.4 mm) tall (MPF split barvel) and are located
o2 P faining quadrant. Work platiums can be in-
scrtad through these doors into the paylaad campart-
ticnt 10 allow aconss W spacecraft hardware near the
ait end of the pavioad compartren.

I additional asccess W S spacceralt is required,
duors can be prowvided on a mission-peculiar hasis
on the cylindrical section of esch payload (aiving,
Doors can be located in mast areas of the fairiag ¢y
lindrical sectivns except near the split lings and in-
terface planes, Typical access doins ase showa in
Figure 4-12 for cach faining




aojanss pocpnd Suuwf ey o-y iy
V-S40 088D
IwRm o
G SHCI0 | SHONKEIND ' : xxga
BB HONIRD .ﬂa..J.l e IPI..\. % HOUTS
A.es. " \ t » p :
.\/ . N : PIIITICTET SR e . wowre L
(teii) o g ) ST W - 1 i i amm
Prdveition vi k__ .- .M( m - { LD i.—.\ 2.1
| . 115 13 PSS M
: o an ; .
_ \\.\_ | i I KR ¥ WAIE
MIBH OVTUR (| i 1 Sl
% {
sy o d ] |
(£9 Cr25) Sr 82 A T s—e .L._lw m!x no
i (00800 S ML { s
\ i o0 WOUIVS ] T..»nﬁ.i
11900 ¥ j i e ——— H
CTRTIINON 08 | , o ;
Lsezsy) roiee —I B =%t
PreTeLi ey —— , ——
IR I %88
imn.:sﬂas g@»& fand
195 SEE04) 98 939 Lk _ {213 4.
-~ BB UIR MW EE , 17
<3 T!I.« m - A w
L\‘ g .»l\..vla‘l\V!lr

\,
T Xmman [ e
.J.’af’f ﬁ

-

11‘
30
T4

, F

A £71 )
o SEELRRIY ~erd
YT R Y

(122) SEIIV Y _ S!n: e
$A0L 35040 HAIGH A / 1 :&Eﬂ\uv e
e A e < e




adojasua pooypd Suun] wmpapy -y aendey

O RO p——
GOsZ 9 Y2
M HOWDIS (BUS) 30313 15 SRS 90 ML

#9:5)

LA
-
sz _ ey
L X

s
™ re
—_— - T
e T - 44 NOUDTS :.M.“ —
I o :
x ;.lcu:c.ql e "= ki

_Q..QSB wem [— 1
- SERD) MO AN

newm

[wosci zn] wowivee] (vorziicaey
wmuon| e i) ek oves
zmuicry:] wainizin ) el e
wamiitie| eiizee | il sys
wminn|  goes| sweainn

s et Sovmerf

emsinl  wans! arenien

et i mrmnis

GasUNTE] UM ()9S




Y-5890108604

ITFRON
QU STHOM W) SNOKSHINIO

SUOLIINNDD TIRULI3T)
I 3600N0

g-8 NOLLO3S

GriicLe0

adopanus yygrsn wdopp ppood y Wk -y dirdig

¥V HOLL738

]

i srrresdovie T— - v

B 3 Y

& b PA )

g - L P4
\ Y B B ;
. g \ ;

oA B S }

e T s




ackijans 2pge a1 apdppp pooikod |y adiy y-p anieg

SrSeSOLGESDY

FIFRON
) SKI NI SHOBNINIO

SUOI2INNDD
WIHLIITS 1Y 3401300

8-8 NOLLD3S

kT Pl > Y e
T N

¢
;

‘.

$-7




e ﬁ»-'!‘ilﬁi‘ii g'i‘!‘!’

////,, a—_-!




sdojantid JpgEEn £2308pD pOCHDS 1o 0KL - iy

(VM) STHINS W1 SHOISHINI0 | T LW |
s SOIMMWRBRL L L
NOLLYIOTUVINONY ON e 2imooh .
s — NOONANY

1 ‘ “ Wi
b B

._.).m\ﬁ“n

" oo tt. )

RIS
WAL g .

Lr-SES016859)

L)

k<l

v SUNIAINNGY
WHMLITTI 1Y 34013003

8-8 NOLLO38

gy bl P
viszi3 3

WOLT3H0D , — T —
I3 sy 6® _emhem . 0w

| L oomwmwiaay ,.s!.u. yoe -/HN/

L) l.ql | DR
Zaist)

{vosi3es jo—— W2y




SECTION A-A oL
Fpire 4-9. Tipes € aed Ci pasoad aidupter usable ewvelope.

SASHD RS- 40

410




Wojaua apgesn saxdopo poopod ¢ 35 G-y warisyg

GrSUsOLGEED

FIVOS OR
C00) SEHIN 1 SHOIENINID

VIUY ONINDNGL WALSAD
NOLLVUY43E 1V 34073AN3

OO NCLLD3S

* _ b—— wasan
W2z . T TR
W08 93
IG (5603 928
SHOLTHEN)

TVNRI0I13 4V JOTING
8-8 NOLLD3S

snvis

(13 14 uk u

ﬂ |*.|l . —— vari g
r Qs
— — 0 W53 iC0L
o—- VT
NG 6THEL) WL

INTHIINGD
$OLIINNOD YREL03T3

4}

S sww

cs
Yiuwminwis
| o %1 1
= .-,....w.i. aremian
]

‘. %
WIS \v/ .

WLLTeI Sy \ , “ _ o
, \ . j* ¢
v o . ,_
.m‘a ﬁ v 2 1 wiu | &
RS ]y
Yy ‘ s ¥
k] LY 4 ]
‘ 5 E B
R /NG P »\
NN /
ur - ) 0TI
H07TART DN KNGL o7 b ¢
WSS SO

411




- (-4 )]
1y

MTLOAD -
CAvELOPE

Sk

SRR
Lis

SecToN ia S

Fgure 411 Egiipment wodiie usable sivlope.

12




s X 12w
TR NN

S70 BOKTAL ALCERS
032 114 Fed X 0w (1)
CLEAID AT 3, 1)°, 1" st

AN TRE

S

YYPRAL iZe Qb
tF LRGN SN E 2200 (2.0 W BIRRBAND
WP B30 25 MR AR6 ES14) W STRNOARD

Rasire 4-12 Foirng access doovs allow eocess 10 the encapailinl poecwll.

413

N pumus

EIDSMN SANEL ALY OO0
{ivtag) l&‘h- 1)
CERTOMD AT

487,108, 8T 18

Wimi K

{4 “Ciﬂm\&nm Xng
LOCATES AN TRE XA TLNE,

FOMBARY OR 44T ERD

UW*&&%‘* o NCAN
STRERALLTEL DX MAY A¢-
ARDINONAL AJAL VLS.

HGAESTOSRE-BY




4.1.2 MECHANICAL INTERFACES — SPACE-
CRAFT ADAPTERS — The spacecraft adapter
inwfaces typically cousist of the basic spacecrafi-
to-launch vehicle attach ring with its securing provi-
sions, the two spacecraft rise-off discounects, and
the separation springs. Electrical bonding is pro-
vided across all mechanical interface planes asso-
ciated with these adapters. It should be noied that
the ciocking of the spacecraft adaprer and separa-
tina systeimn is not fixed but is deternined based on
spacecraft cricntaiion. However, it is recorimended
that the scparation system keyway on the Type A
adapter be clocked in 6-deg increments relative o
the launch vehicle axis.

LE2Y Topes of Adwters — The spacecralt =3apt-
er, cquipment nwxdoie, or other spacey adapterns pro-
vidde the nwchanical interfaces botween the
spacecraft and lavoch velicle. With the Tope A, AL
B Bi, and D adaptess. the tauach vehicls proviiies
e spacecrall separstion systesie For the user re-
Quinisg an tnterface oibiee than the atne adspters. a
balted intarfyce is provided by the equipawat i
ule and Tpe € and C1 adapters. W 3 cestomer.
peowided spaovcralt adapler is used, i3 muat provide
intetfaces fov ground handiing, ensapeulation, snd

Garsputation equipesent In particdlas, iwete will

er is employed. Figures 4-13a through 4- 13g show the
interfaces for the adapters. Figure 4-14 shows the
interfaces for the equipment module. Type A adapt-
er interfaces are compatible with the PAM-DIV
9378 adapiers; Type A1 adapter interfaces are com-
patible with the PAM-DA37A; and Type B and B1
adapter wterfaces are compatible with the 1194A
adapter. The Type C1 adapter 15 a spacer adapter
and provides the same bolt pattern as the equipment
modulz. The spacecraflt adapier also provides
mounting for somwe of the mission-peculiar hasd-
ware. The spacecrafl elsctzical umbilicals and range
safely destruct umit both mount on the paylesd
adapter. Type D adapler interfales ame compatinle

wath the 1666A adapier. Alternate sdapter designs

can be developed on 3 misson-peculias basis,
4122 interface Rings — The intorface rings for
the Thpe A, AL B, BL and D adaptors are desizned

' to provide for mounting of @ V-hand chanp sepasa.

tor systom described bl The spacecrafi vinge

- Wrfaces with die spacecreRt adapier nng and e

neud to be three tords arm fthings and sneszapauta-

tam ciaphaagen unless » GUSS imtemodiste adas-

44

Veband clasg hobds the vans togethes for the strss-
wisat jiet, Figures 315 thiough 4- 130 show the in-
teslase ring requirements for the Ype A, AL B.BY,
and D spaveciaft wigters The interface rngs b
e eguiprent sundule Vope U ang Cladapten. and
wkher spacer adaptors peovide & balt cligle with
which the spaceovail adaptar sl mate.
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Separation System — The separation sysizms pro-
vided with the standard Type A, AL B. Bl.and D
adapters are simifar. Each separation system coi-
sists of a clamp band sat (Figure 4-16) and separa-
tion springs to give the necessary separation eneny
after the clamp band is released. The clamp band set
consists of a clamp band for aitaching the satellite to
the adapter structure plus devices to eiract, catch,
and retain the clamp band on the adapter structuve
after separation. The separation spring assemblics
are typically mounted wnside the speeecraft adapter.
The springs are integral with the spacecraft adapter
and bear on supports fixed 1o the spacecralt rear
‘rame. The springs aie sized appropriately for each
missica to provide the proper separation welocity
between launch vehicle and spacecrafi. The space-
craft adapier also provides mounting for some of the
misston-peculiar hardware. The wmbilicals for
spasecraft electrical disconnects and the spacecrait

SERARATION SYSIEN

range safety destruct unit both mount on the space-
craft adapter.

4.1.2.3 Spacecrall Adspter Structural Copabilities
~ The allowable spacecraft weights and longitudi-
nal centers of gravity for the Type A, AL B, B, and
D adapter/separation systuns are shown in Figure
4-17. Note that the structursl capability of
€ and C1 2daptors is limited by the structural capa-
bility of
shows equipment inodule load capability. This

the Type
{ the cquipment module. Figure $-17 also
curve is used to assess the structural capatnlity of

the launch vehicle when usei-supplied spaceerafl
adapters are used.

The allowable interface loads for the Type AL AL
B. Bl C, Cl and D payioad adaplers and equip-
et module Sre shown in Figures 415 through
4-15g.

Figure 4-16. The sepunition syxtom cracies the spaonmift o tie payloud wilipter
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It should be noted that tiw spacecrait mass and
center of gravity (cg) capabilities should be used
only as a guideline in preliminary desiga. They are
detenmined using generic spacecraft inteifage ning
gewmetry as shown in Figures 4-152 through 4-15,
and quasi-static load factors shown in Tabies 3-2
and 3-3. Actual spacecraft design allowabks may
vary depending upon interface ring stiffness and re-
sults of spaoecraft mission-peculiar coupled loads
analyses. Please contaet General Dynamics for fur-

ther discussion regarding spacecraft designs that ex-
ceed these gemeric allowables. (See Section 7 for
additional equipment mydule capability options.)

413 ELECTRICAL INTERFACES — The space-
craitflaunch vehicle electrical interfaces are shown
in Figures 4- 19 and 4-20. Typical standard interfaces
include:

* A spacecraft-dedicated umbilical inteiface be-
tween the umbilical disconnect bixated on the

Fgure 49 Tpwad STILY dectned mierface
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Centaur upper stage and rise-off disconnects at
the spacecrafttaunch vehicle interface
Spacecraitviaunch vehicle separation ingdicators
located in the SC/LV rise-oif disconnects wverify
separation

A spacecraft destvuct interface activated by the
Centaur range safety system

Standard rise-off discornects (MS 33466E 37-56P
and MS3$64 EX7.508) or other conncetors from
MIUL-C-8173 that may be requived by nuission-
peculiar changes. A unique keying arrangemient
fur cach connector is highly recominended.

The launch vehicle can also be coatigured to pro-
vide clectrical interfaces fur vasious misssn-pecy-
liar requitements. The complement of signals
available is 2s lollows: two scparation commards, i6
or 10 {Atlas 1) contrad commaiis that can be con-
figured as 28 V discretes oF switch closure functions,
a standaso umbitical with a mix of wire configura-
tioas, and an instrumentation interface, which con-
tains two discrete inputs lor detection of spaceceaft
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separation, four analog inputs for gencral use. ten
cosnmand fecdback discretes, and two serial dotain-
terfaces for downlinkiag data from the spacecrafi. of
desired.

The paragraphs below describe the Atlas electri-
cal interfaces in detail.
4.1.3.1 Umbilical futerface -~ A spacecraft-dedi-
cated umbilical disconnest for on-pad operations is
icated on the Centaur forward ummbilical panel. The
umbifical interfuces with two SC-dedicated rise-off
disconnects focated on the spacecralt (see Figute
4-19). This umbilical interface provides signal paths
betwoen the SO and ground suppart equipment for
$C system monitoring dusing peclaunch and launch
cocatdown,

The umbitical discoanect separates at liftoff. The
two spacccraft rise-off discoanects separate at SC/
Centaur separatioa.

The SC/GSE umbilical contains the following

- t of wires fiom SC to umbilicai




41 twisted shielded wire pairs — 20 AWG
6 twisted shiclded wire triples — 20 AWG

4 twisted shielded controlled impedance wire
nairs — 750 * 10%

Additional disconnects for signa! interface be-
tween the SC and LV can be incorpotated for mis-
sion-peculiar requirements. These disconnects also
separate at SC/Centaur separation.

4.13.2 Electrical Discoanecis — The standard
adapiers provide two 37-pin rise-off disconnects for
the spacecraft interface. These rise-off disconnects
typically provide a spacecraft-dedicated umbilical
mteriace between the spacecrafl and ground sup-
port eguipment. General Dynamics can provide
more disconnects on a mission-peculiar basis if the
spacectafl requires them. Interface requirements
for the disconnects are shown in Figutes -15a, -15h,
and - 1.

4033 Spacecraf Separation System — The
baseline separation system for SC/LV separatica is
a pyrotechnic V-type clamp band system.

The separation sequence is initiated by vedun-
dam comnmands frem the upper stage guidance sys-
wm. The upper stage typically controls the
spacecraft pyrotechnically actuated separation sys-
tem. Power for this 1s supplicd from the main vehicle
hatery.

Pusitive spacceralt separation is detected via con-
tinuity loovs installed in the spacecraft vise-off dis-
cotnests and wired (o the Ceniaur instrumentation
sysiem. The scparation event is then elemetered W
the ground.
4.1.3.4 Coatrol Command Interface - For the At.
tas H. UA. and HAS vehickes, the reiote contol unit
(RCU) provides as many as 16 control commands to
the spacecraft. These commands aie Solid state

switches configured as 28 Vdc commands or as
switch closures (dry-loop commands).

Closure of the swiiches is controlled by the iner-
tial navigation unit {INU). Parallel digital data from
the INU is decoded in the RCU and the addressed
relays are exiergized or de-energized under INU soft-
ware conirol.

For the Atlas I vehicle. 10command functions are
provided by the sequence control urit (SCU). These
functions are controlled by the INU and can be con-
figured as 28 Vdc commands or as switch closures.

The basic switch configuration is shiwn in simpli-
fied form in Figure 420, The figure aiso shows a
typical spacecralt interface schematic.

Command feedback provisions are also incorpo-
rated to ensure that control comniands issued to the
spacecraft are received through SC/LV rise-off dis-
connects, The SC is responsible for providing a feed-
back loop on the SC side of the interface.

4.1.3.5 Telemetiy loterface — Two telemetry op-

tions for data transinission are available 10 the

spacecraft.

» lncurporating an independent SC-based RF wie-
metry/command system. Use of tus oplion will
require modification to the metal nose fziving for
implententation of a reradiating antenna system,

e [Iaterfacing the spacecralt PCM and analog data
with the upper stage master data unit (MDU).
The MDU incorporates software programmabile,
integrated signal conditioning and multiplexing,
and multiple-bit rates and PFCM formats. The SC
data is interkcaved with the LV Jdata and sesially
transeutted in a PCM bit stream,

A PCM hardwire tink for SC and SC/GSE interface
is available for systen monitasing and verification.
4.1.3.6 Spacecraft Destruct Option - Jf required
tor range safety considerations, Atlas can piovide 3




spacecrait destruct capability. A safe/aim initiator
receives the destruct command fram the Ceniaur
Flight Terminaticn System (FTS). The initiawor ig-
nites electricaily initiated detonators, which szt cff a
bocster charge. Thecharge ignites a mild detonating
fuse which, in turm, detonates a conically shaped ex-
plosive charge that perforates the spacecraft propul-
sion system.
42 SPACECRAFT-TO-GROUND EQUIPMENT
INTERFACES
42.1 SPACECRAFT BLOCKHOUSE CONSOLE
— Floor space is allocated on the averations level of
Blockhousse 3 for installation of 2 spacecraft
2round coatrol coasole. This console is typicaily
ptovided by the user, and interfaces with General
Dynamics-provided control circuits through upper
stage umbilicals to the spacectuft. The control cir-
cuits provided for spacecraft use are isolated physi-
<aily and clectrically from those of the launchvehicle
to minimize EMI effects. Spacecyaft that requite a
safe/anin function for apogee motors will aiso inter-
face with the range-operated pad safety console. GD
will provide cabling between the spacecraft block-
fwuse console and the pad safety console. The safe/
armn command function for the spucecraft apogee
motor must be inhibited by a switch coatact in the
pad safety console. Pad Safety will close this switch
when pad evacuation has beea verilied.

422 POWER - Several types of electrical power
ate available at Complex 36 for spacecraft use. Com-
mercial a¢ power is used for basic facility operation.
Critica) functions are connected to an uninterrup-
table power system (UPS). The dual-UPS consisis of
bautery chargers, baiteries, and a static inverter. The
buttery chargers are novmally operated from the
commercial system. However, one UPS may be op-
crated on diesel generator power for major testing
and launch. UPS powser is available for spacecraft

4-15

use in the biockitouse, launch service building, and
umbilical tower.

Twenty-cight-volt dc power can be provided for
spavecraft use in the blockhouse and the launch
service building. The facility power supplies are op-
¢rated oa the UPS to provide reliable service.

423 LIQUIDS AND GASES

Gaseous Nitrogea (GN3) — Three pressure kevels of
gaseous nitrogen are available on the service tower
for spacecraft use. Nominal pressure settings are
2.000 psi (13 790 KN/m?), 100 psi (689.5 kN/m?), and
appraximately 10 psi {68.95 kN/m?). The 10-psi sys-
tem is used for purging electrical cabinets for safety
and humidity control.

Gaseous Helium (GHe) — Gaseous helium at 2200
psi (15 169 kN/n?) is available on the scrvice tower.

Liquid Nitrogen (LN2) -- LN; is available at the
Compilex 36 storage facility. LN, is used primarily by
the Atlas pneumatic ang LN; loading systems. Small
dewars can be filled at range facilities and brought
to Complex 36 for spacecralt use.

4.2.6 PROPELLANT AND GAS SAMPLING --
Liquids and gases provided for spacecraft use will
be sampled and analyzed by the range propetlant
analysis laboratory. Gases, such as helium, nitrogen,
and breathing air, and liquids such as hypergolic
fuels and axidizers, water. sodvents, and hypergolic
decontaminaiion fluids may be analyzed to verify
that they conform to the vequired speciiication,

425 WORK PLATFORMS ~— The Complex 36
service tower provides woirk decks appradmately
ten feet apart in the spacectaft area. Portable
workstands will be provided to meet spacecrait mis-
sion requirements where the fixed woik decks donot
suffice. Access can be provided inside the encapsu-
lated nose fairing. The access requiresients will be




developed during the planning stage of cach

missIon.

43 SYSTEM AND RANGE SAFETY

43.1 REQUIREMENTS -~ Launch wehicle and
spacecraft design and ground opesations will be in
accordance with the Eastern Space and Missile Cen-
ter Regulation (ESMCR 127-1), Range Safety re-
quiremnents, and Air Force regulations concerning
Health. For spacecraft processing in Astrotech In-
ternational Corporation facilities. compliance with
their safety policy will be required. Should space-
craft processing be conducted in NASA facilities,
compliance with ESMCR 127-1, as well as NASA
safety regulations will be required.

Chapters 2 through 5 of ESMCR 127-1 identify
spacecraft design and operational requirements

that must be met to obtain range safety approval.

For spacecrafl that are designed o meet Space
Transportation System criteria, compliange with
ESMCR 127-1 should be specifically zddressed in
safety submittals.

General Dynamics System Safety engineets ave

available to evaluate, analyze, and provice guidance .

for spacecraft design to support range safety ap-
proval. CLS will prewide a specific set of design and
opesational requircinents that define spavecralt-
peculiar Range Safety and spacecraft processing
requiremetits. Should areas of nocsumpliance b2
determined. General Dynamics wil. evaluate and
suggest when a waiver may be pi sdent while still
meeting the intent of the safety requirement. For
cach program, a system safety manager will be des-
ignated, who acts as the spacecraft agent for all in-
texface activities with the ESMC Range Safety
Office.

documents ase applicable o launch processing

At CCAFS sad/or KSC

ESMCR 127-1, Range Safety

AFR 127-108, Explosives Safezy Standards

AFR 127-12, Air Force Occnysational Safety, Fire
Preventicn and Health (AFOSH) Program

MIL-STD-1522A, Standard General Requirements
for Safe Design and Fiperatioi: of Pressurized
Missile and Space Systems

MIL-STD-1576, Electroexplosive Subsystem Safety
Requirements 20 Test NMethods for Space
Systems

GDSS Launch Site Safety Manual

Al Astrotech

Astrotech Safety Policy

4.3.1.2 Apstication - System and Rasgs Safety re-

quirements will be analyzed and controls estab-

lished for both design and operationabitest

prasedures that ase determined 0 be hazardous W

the Laench vehicte system or personnel. For launch

eperations from Cape Canaveral Air Force Station,

spacecraft must meet e range safety requiremeats

- coeained in ESMCR 127-1.

- The following arcas will e evaluated for
- ;‘I . :

K Propellants and pmpu!swn systems

4-36

* Pressurized systems

o (ydncnse systems

» Electrical/electronic equipment
¢ Ground support equipment

¢ Noa-ionizing radistion

* lonizing radiation sources

¢ Aooustic (noise) ciilesia




+ Hazardous materials

43.1.3 Safety Data Submittals — The cusiomer
and spacecrafk supplicr shall perform system safety
hazard anatyses for the spacecraft and provide these
analyses in a Missile System Prelaunch Safety
Package (MSPSP).

This data package will describe, in detail, all
potertially hazardous subsystems of the spacecraft
design. The subsystems desigrated as hazardous
are: propulsion, pressure, electrical. urdnance, ra-
diation sources. and hazardous materials. This
document summarizes the system safety analyses

4-37

for the spacecraft and includes amalyses of the
spacecraft to launch vehicle inteiface. The MSPSP
also includes information concerning all hazasdous
and nonhazardous procedures accomplished. as
well as 21l ground support equipment used during
payload processing. Safety Working Groups and
Technical Interchange Meetings wiill be held to en-
sure exchange of the safety data necessary to vesify
compliance with range safety requirements.

Flight Analysis Data Package — This data package.
prepared by GDSS. will contain general spacecraft
performance, flight, and trajectory {land overfignt)
informuation.
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5+ SPACECRAFT AND LAUNCH FACILITIES

General Dynamics has fortnal agreements with U.S.
Air Force 45th Space Wing (45 SPW) and the
National Aeronautics and Space Administration’s
Kennedy Space Center (KSC) for the use of paylead

and launch vehicle processing facilities and Com- -

pex 36A and 36B at Cape Canaveral Air Force Sta-
ton {CCAFS) (see Figure 5-1). We also have
agreement on the range services and equipinent (o
be piovided.

A customer mission support facility is provided
on Cape Road at CCAFS. Conference rooms and
management offices are available for use during the
launch campaign. This facility is conveniently lo-
cated between SLC-36 and Astrotech (see Figures
5-1and §-2).

The information that follows is a summary of the
launch service capabilitizs that General Dynamics
provides. Additional details are available in the
Aslas Launch Servicss Facilities Guide.

§.0 SPACECRAFT FACILATIES

The commercial payload provessing facility owned
and vperated by Astrotech Space Operations, L.Pis
e primary facility for processing conumescial
spacecrait. This Bality contains separate nonhae-
ardous and hazardous processing buildings. stosage
baildings. and offices. The facilitics and oo plans
are described in the following sections. Astrotech
complics fully with all applicabie federal. state, re-
gional, and local statutes, wedinances, rules, and
regulations relating o safety and eavironmental re-
quirements.

Shuuld she Astrotech facility not adequately sat-
isfy commerscial spicecraft requiremenis, govern-
ment  facilities, & prowded ior in Geoeial
Dyvnamics/NASA and General Dynamics/USAF
agreconents, are available. These facditics, wo, are
described in the following sections.

5-1

$.1.1 PAYLOAD PROCESSING FACILITIES

Astrotech Building ¢ {Paylosd Processing Building)

- Astrotech Building 1. with its high bay expansion,

is considered the primary payload processing

facility. With overal! dimensions of approximately

200 fi {61.0 m) by 125 ft (38.1 m) and a height of 49t

{149 m). its major features age:

¢ Airlock

e High bays (three identical and one expansion)

¢ Coatrol rooms {two per high bay)

» Office complex. administrative area, Communica-
tions mezzanine. and suppost areas.

The Building 1 floor plan is depicted in Figures
5-3and 5-4. The cxpansien adds a high bay complex
adiacent to the south wall with a pass=¢e between
the new high bay and existing aitlock. Table 5-1 lists
the details of room dimensions, cleanliness. and
crane capabilities of this facility.

Building AE — Building AE i5 a spacecraft and

missions operations facility onginally constructed

by the Air Force. Withoverall dimensions of approx-
aately 120 i (36.6 m) by 320 £2 (97.5 mi) it features:
¢ Spacecrait checkout areas (high and low bays)

e Mission Directoe’s Center and VIP Obsawvation
Risown {see Figuse $-5)

o Telemetry Giound Station and Laboratiny (in-
cluding Astrotech's commuaications link with the
range)

Building AE 15 hocated in the CCAFS Industrial
Arca o Hanger Road. Table 5-2 provides a detailed
Jescription of Building AE facilities.

Building AM — Building AM is a specialiy designed

two-stony facitity constructed by NASA for space-

ciaft provessing and checkout. With dimensions of

appriximately 163 fi (314 m) by 195 6t (594 )t

features dual spacecraft checkout areas. Building
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Figure 3-2 CCAFS customer supoort fuceliy.

AM is located in the CCAFS Industrial Area on
Hanger Road. Table 5-3 prowides a detaiked descrip-
tion of Building AM faucibities.

Building AOQ ~- Building AQ is a specially designed
two-stay facility constructed by NASA for space-
craft processing and checkout. With dimensions of

approximately 180 it {(54.8 m) by 185 ft (36.4 m). it
had been used primarnily by JPL fur interplanctary
and lunar spacecraft processing Building AO s
ocated in the CCAFS Industrial Area on Haoger
Ruad. Table 54 provides o detailed dcaup&mn of
Buailding AQ facilitres.
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* Suppt areas

The Butiung 2 oww plan is Sepicied i Figure
56. Eagh of the high bays is built o explosion-
prvad o egaivakent standasds 1O suppodt opera-
tunts involving liguid propeilant transfer, solid
ropoilant wxitor preparaticas, and scdnance -




staliaticn. Table 5-5 lists the details of room dimen-
sigus, cleankiness. and crane capabilities of this fa-
cility.

Expiosive Safe Area 60A (ESA 68A) — ESA 6A is
located nosth of the CCAFS Industrial Arez on Ti-
ian [ Road. Designed and built by NASA, ESA
GGA consists of four separate buildings:

o Sicrilization and Assendbly Building (5.660

square. feet)

e Propellant Laboratory (1,100 square feet)

¢ Instrumentation Laboratory (1.350 square feet)

e Ground Support Equipment (GSE) Building ‘

{1.400 sguare fect)

Tiwe Stenlizaticn and Assembly Building and
1000 squase feet of the Propellant Laboratory are
Class 100.000 clean room environments. All test ar-
cas within ESA 60A are either reinforced concrete
or.earil: revetments to meet blast requirements. Ta-
ble 5-6 provides the details of this facility.
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Taile 5-5. Astrotech’s Buildizg 2 featares three blasi-proof processing rooms.
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Spacecrafl Assemdly and Emcapsslation Facility
No. 2(SAEF 2) — SAEF 2is a NASA facility leeated
siuthicast of the KSC Indusirial Area. It features:
o High bay

* Low bays (iwo)

» Testcell

¢ Control rooms (two)

Details of the SAEF 2 facility are in Table 5-7.
Payicad Hazardows Serviciag Facility (PHSF) —
The PHSF is a new NASA facility located southeast
of the KSC Industrial Area (adiacent to SAEF2).
Additional features of the PHSY Sesvicz Building
are descsibed in Table S-8.

5.1.3 SPACECRAFT SUPPORT FACILITIES

Astrotech Buildiag 3 (Payload Storege Building) —
Astrotech’s Building 3 is a thermally controthed stoe-
age area (or shiost-term stovage in conjuaction with

59

payload pracessing activitics or long-term sateilite
storage. Storage bay and door dimensions and ther-
mal conlrol rauges are identified in Table 59

Astrotech Building 4 (Warehouse Stovage Building)
~— Astritech’s Building 4 is 3 storage area without
eavironmenial controls and s suitable for storage of
shipping coatainers and mechanical GSE. Table
5-10 details this facility’s dimensions.

Astrotech Building 5 (Customer Olfice Buiiding) —
Astrotech's Building § prowides 3.600 {12 (334.4 m2)
ol office space divided inw 17 individual offices with
a receplion area sufficient W zcconunoadate up W
thiee secretaries.

S04 SPACECRAFT SERVICES 4
ELECTRICAL POWER AND LIGHTING — The
Asteotech facility is served by 480 Vac/ithree-phase
comuneicial 60 Hz electrical power that can be redis-




Table 5-6. ESA 604 provides diverse services for huzand-
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tnbuted as 480 Vae/three-phase/30A. 1AV 180 Vac/
thice-phase/6liA, ov 120 Vao/single-phase. A
power to any kcation in Buildings 1 and 2 Conuer-
cial powr is backed up by a diesel generator during
critical testing and launch periods. Asirolech can
psovide 35 KV of S Hz power, which is also backed
up by a dicsel ganerator.

The high bays and airlecks in Buildings 1and 2 are
lighted by 400-walt ractal hatide amps W maiitain
100 foot-candies illumination. Control rooms. ol-
lices, and conference arcas have 3S-wats fleorescent
tamps o maitain 20 fout-candles of illumination.
COMMUNICATIONS
¢ Telephone and Feisimile — Astrotech provides

all telephone equipmeni, Wocal telephone service.
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Table 5-8. The PHSF Service Bunlding is a new NASA facu-
8y for kazardous procesang.
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* [ntérvonumenication Syitems — Astrolech pro-
vides a minicun of thiee chaanels of vikce com-
municxtions among all woek areas. The facility is
connected W the NASA/USAF Opoiational tn-




Tabie 5-9 Astroiech's Payload Storcge Building is used for
short-cerm hardware storape.
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Tabde 5-10. Astretech’s Warekouse Storage Building is
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tercommunications System and Transistonized
Operational Paging System (TOPS) to provide
multiple-channel voice communications between
the Astrotech facility and selected locations at
Cape Canaveral Air Force Station.

¢ Closed-Circuit Television (CCTV) - CCTV
cameras are bocated in the high bays of Building 2
and can be placed in the high bays of Building 1.
as required., to permit viewing operations in those
areas. CCTV can be distibuted within the
Astrotech facility to any location desired. ln addi-
tien, Asisotech has the capability to transmit and
receive a single chanael of CCTV to and from
RSC/ACCAFS via a dedicated microwave link.

* Command snd Dats Liaks -~ Astratech provides
both wideband and nartowband data wransmis-
sion capability via a dedicated microwave link
and the KSCACCAFS cable transmission system
to all iocations served by the KSC/CCAFS net-
woik. If a spacecrait requives a handline trans-
mission capability, the spacecraft is responsible
fur providing correct signal charactenistics to in-
terface o the RSU/CCAFS cable transmission
sysica.

5-4

Astrotech provides antennas for direct S-band.
C-band, and Ku-band air links from the
Astrotech facility to Launch Complex 36, and an-
tennas for C-band and Ku-band air links between
Astrotech Buildings 1and 2.

OTHER SERVICES

¢ Tempessture/Humidity Coatrol — The environ-
ment of all Astrotech high bays and airlocks is
maintained 2t a temperature of 24+28°C
(75 £ 5°F) and a relative humidity of 50 + 5%. The
environment of all other areas is maintained by
conditioned air at a tesaperature between 21 and
25°C (M0 to 78°F) and a comfortable humidity.

¢ Compressed Air — Regulated compressed air at
125 psi is available in Buiidings 1 and 2

¢ Security and Emergency Support — Perimeter
secusity is provided 24 hours a day. Access to the
Astrotech facility is via the main gate, where a
guard is posted during working hours to control
access. Internal security is provided by cypher
locks on all doors leading into payload processing
areas. Emergency medical suppuort is provided by
Brevard County and emergeney fire support by
the City of Tituswille. In case of an accident. per-
sonne] will be transpoited to Jess Parish Hospital
in Titusville,. Both medical and five persoanel
have been trained by NASA

52 SPACECRAFT INSTRUMENTATION

SUPPORT FACILITIES

The CCAFS area facilitics described in this section

can be used for spacecraft checkout as limited by

compatibility to the spacecraft systemis. Special ar-

rangements and funding are required to utilize these

assets.

S.21 TEL 4 TELEMETRY STATION - The

ESMC operates an S-band telemetsy receiving, re-

coeding. ard real-time relay systom on Mo Is-

land. This system is used lor prelaunch checkarnt of

launch wehicles and spacecraft. A typical ground




checkout configuration would include a reradiating
antenna at the PPF, HPF, or launch pad directed to-
ward the 2! 4 antenna. The telemetsy data can be
recovded on magnetic tape or fouted by hardline
data circuits to the spacecraft ground station for
analysis. Te! 4 also acts as the primary terminal for
telemetry data transmitted from the ESMC down-
range stations.

5§22 GSFC GSTON/TDRSS MILA STATION—
The Goddard Space Flight Center (GSFC) stationis
alse located on Merritt Island and is the ESMC
launch axea station for NASA's Ground Spaceflight
Tracking and Data Network (GSTDN). Inciuded are
satellite ground terminals providing access to world-
wide communications. Cizcuits from MILA w0 HPF,
PPF and Complex 36 are available 1o suppoit check-
out and nctwork testing during prelaunch opera-
tions 3s well as spacecraft telemetty dosnlinking
durning launch and orbital operations.

The MH A station can also support ground test-
ing with Tracking and Data Relay Satellite System
{TDRSS)compatible spacecrailt to include TORSS
links to White Sands. New Mexico. Special avrange.
meats and decumentation are required for TDRSS
testing. The GSTDN is scheduled for phaseout when
the TDRSS system becomes fully opecational.

5.2 IPL MIL-TE STATION - This station is colo-
cated at MILA on Merritt Island and is an element
of the Jet Propulsion Labexatory (JPL) Deep Space
Network (DSN). This station can be configused for
ground tests similar to Tei 4. In addition, data from
spaveceafl that are compatitie with the DSN can be
relayed 1o the JPL in Pasadena, Califomia.

53 SPACE LAUNCH COMPLEX 3¢

CONFIGURATION

The Auzs launch facility is Space Launch Complex
35 (Figure 57 located at CCAFS. The maujwr facili-
ties inciude the mobiie service tower (MST), unibili-
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cal tower (UT), and the blockhouse. Sec Figure 5-8
for a plan view of Space Launch Complex 36.

$§3.i MOBILE SERVICE TOWER (MST) — The
MST (Figure 5-9) is an open steel structure with an
interior enclosure that coatains retractable vehicle
servicing and checkout levels/platforms. The tower
contains an electric, treiley-mounted 10-ton (9072
kg) overhead bridge crane used to koist spacecraft.
fairings, and the upper stage vehicle into position.
Two elevators serve all MST levels. The entite MST
assembily is on a rail system, which ailows it to be
moved from the launcher platform for launch.

RF cabling and reradiating anteanas cas be
made availabie on the service tower for spacecraft
use.

532 UMBILICAL TOWER — The umbilical
tower (UT) (see Figure 5-10) s a fixed structural
steed tower extending abowe the launch pad. Retract-
able service booms are attached to the UT The
booms provide eloctrical power. instrumentation.
propeilants. preumatics. and conditioned air of
G2 to the vehicle and spacecrafi. These systems
also provide quick-disconnect wechanisms at the
respective vehicle interface and pecmit boosm retrac-
tica at vehicle launch. A payload umbilical junction
box is provided to interepanest the spacecralt o the
clectrical ground support equipment. Limited space
15 available within this junction bax to install space-
craft-unique electrical ground support eguipmant.

$3.3 LAUNCH PAD GROUND SYSTEM ELE-
MENTS -- The launch complex is seiviced by gase-
ous witrogen (GNz) gaseous hetivin (GH<). and
propetlant storage Tacilitics wititin the complex ares.
Environmental Control Systenss {ECS) exist for
both the launch vehicle and the spacecraft. Detailed
deecriptions of the capabilities of these systens
prewide for spacecrafl activity is defined in Section
4.2, Spacecraft to Ground Equipment Interfaces.
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§3.4 BLOCKHOUSE — The blockhaoase {Figures
S 1 and 5-12) serves as the operattons gikd com.
swations center for the lasnch complex. tcontans
ail pecessary control and Swattonng cguIpsneiy.
The lasnch controd, electncal. laadline instrumenta-
o andd ground computer stems are the magor
astems @ thes tacility

The launch controd prowtdeos comasies and cabibimg
tor contred o the Lzunch comples systems. The
Landhing instrumentatiodn swstem (coupled with the
chwed-circunt TV sytem) swwviters and rocords
safety and pertormatce data durmg wst and launch

operaticns The ground computer sestem caasists of

s

redundant computer-comtrodled launeh se1s (UCLSS
and a wieamwtry grovnd station. The CULS pronsdes
contred aad momitonag of the velnele putdance,
navigation, and comzel systeims and sistors vohi-
cle instramentation for pedential amsizalies during
st and Raunch operations

5.5 LAUNCH SEHVICE BUILDING

faunch senvwee Buiiding (L50) provides the mogms

P

o cnatng the laonch selicle  mtervonmecting
clectical winng botween the winbiical wwer und
the Bhwshouse, and kwating spacecratt fomse
GSE: and ot provades the launchng platform. The
LSE s & tsasesbony structure as shoanan Figure 5-13




Figre 5-8 Space Lounch Comiples SLL 368 at CCAFS
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6 + MISSION MANAGEMENT AND
LAUNCH OPERATIONS SERVICES

&1 SPATECRAFY/LAUNCH VEHICLE
INTEGRAYION

Clear communication between the spacecraft and
izsunch vehicle contractors is viial 10 missicn suc-
cess, Procedures and interfaces have been csiab-
ished o delincate arcas of responsibility and

6.0.1 LAUNCH VEHICLE RESPONSIBILITIES
-~ (Geaerai Dynaimics is responsibie for Adas de-
sign, integration, checkout, and launch. This work is
done primanily at the General Dynamics Space Sys-
tems Division's Kearny Mesa Plant in San Diego,
shown in Figure § 1. Major subcoatractors are Pratt
& Whitaey

{upper stage main engines} Honeywell

Ly - A r~ 7o

{izertial navigation unit), and Rockwell Intzrna-
tional—Rocketdyne (Atas engines). As the space-
craft-to-launch  vehicle
General Dynamics is responsible for payload inte-
gration (i.e., electrical, mechanical, envirormental.
and eleatromagnetic compatibility). guidance sys-
tem sntegration, mission analysis, soltware Gesign.
range safety documentation/support. lauach site
processing and coordination etc. Generai Dynam-

tnlegrating  coniractor,

ics produces all Layach vehicle-related software foc
Atlas faunches and is responsible for launch vehicle
ascent wrapactory, dats acquisition, performance
analysis, targeting. guidawce analysis. and vange
safety analvsiv,

Figure 61 Gonera! Dymamics Keary Mesa Plumt
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6.2 SPACECRAFT RESPONSIBILITIES
Each spacecraft and mission has un que require-
merits. Interested Atlas users are ena -uraged (o dis-
cuss their particular needs with General Dynamics.
Appendix B. spacecraft information requirements,
can be used as a gutde to initiating di~logue. ltems in
bold in Appendix B should be used s the basis for
the first face-to-face meeting Detwen (engral
Dwna:. svs and the potertial user to assist in determin-
ing spacecraitftaunch vehicle compaubility. Custom-
ers are encouraged to contac: Goeseral Dynamics to
verify the latest launch information, inciuding:

¢ Hardware status and plans

» Launch and laurch complex schedules

» Hardware productics: sshedule and cosis

6.1.3 INTEGRATION MANAGEMENT ~ For
cach Atas mission, General Dyramics Commereial
Launch Sesvioss assigns 3 mission program mag-
ager. The mission manager 1 respansible for overafi
mziagemens of the particular custemer activities &t
Saw Deego, Cabivania und 21 CCAFS, Flonida. He s

the principal interface with the customer for all tech-
nical and launch vehicle/sarclite interface and inte-
gration matters. The CLS staff (Figure 6-2) supposts
the mission program manager.

The mission chicf engineer assigns a dedicated
mission integrator for each Ailas mission. The mis-
s ntegrator i$ responsible for the umely enp-
neeving integration of the spacecrait with the Atlas
launch vehicle.

The Commercial Launch Services organization is
aligned to provide low-risk launch services. As illus-
trated by Figure 6-3, CLS responds o a cusiomner or-
der by arranging services frum several other
organizations. Geuera! Dyvnamics Space Systems
Division is the subcoatractor responsible for Atlas
praduction, fauech, and mission-peculiar integea-
ton. CLS has contracts in place with NASA for use
of the CCAFS lsunch complex and payload iafegea-
ton facihitiexs, 2t with the Air Porce for range and
lsunch s sepvioes. Astrotech paylond isiegration
facititics are coabacted for commertial Adlas
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Figure 6-3 Commrcial Lauxch Servces impleraends re-
gred services

launches. with additonal support from CCAFS
when requiied.

To provide maximum efficiency for management
of the many CCAFS operations. a launch operations
manager is assigned to cach musston. He represenis
the mission manager during development, integra.
too, and instaliation of all spacecraft-peculiar items
1 the lasach site and arrival of the spacecralt. Thas

program ofgazation coacepi has been used suc-
cessfully for all major Atias programs.

General Dynamics’ approach to integration man-
agemnent is through establishment of a formal Inter-
face Contro! Document {ICD) agreement and
formal configuration control following 1ICD signa-
ture. Existing ICDs may be adapied (o reduce the
development time. Coordination of the tasks re-
quired to deveiop and maintain the ICD is accom-
plished through management and technical working
grcups.
€1.4 WORKING GROUPS AND RESPONSI-
BILITIES — In all phases of the mission, from go-
ahead to lauach. interface acuvities between the
spacecraft and launch vehicle contractors are <oor-
dinated by specializod working groups. These groups.
whsch include the spacceraft contractor as an active
participant, develop schadules. monitor progress. and
ensure that the technical and managensid lasks are
accompiisticd properly and oo time. Figure 6-4 shows
the tepical working groups and thetr responsibilities.
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The technical working groups can be tailered to
support unique payload integration requirements. It
should be noted that technical personnel {requentiy
participate in muliiple working groups, where qualifi-
caticas atlow, to minimize the personnel requirenicnts
of tix: participaling contractor.

The contractor and the working groups exchange
information through minutes and action items de-
veloped during the meetings and through coatrol
drawings asnd other documentation.

6&1.41 Management Working Group (MWG) —
The technical and program managers comprise the
Management Working Group (MWG). This group is
responsible for coordinating and managing the ef-
forts of all mission participants throughout all
phases of the mission. This group establishes policy
and provides guidelines to the integration effost.
\Where interface incoenpatibilities are not resolved
within the working group structure. the MWG pro-
vides the direction required to achieve spacecrafy/
launch wehicle system interface compatibility. The
group also manages the mission integration sched-
ule. which monitors integration staius including in.
terface documentation. analyses documentation,
hardware interchange. and systems and taunch op-
Srations integrated tests.

6EAE Technical Work'eg Groups — Technical
wosking groups are vrganized by funcion and oper-
ate wider MWG agthority. Far items thai sequre
specialized attention for resolstiva, tohavic wites-
change mecungs (TiMs) can be called by cither the
MWG or s working group.

€15 MANAGEMENT WORKING  GROUP
MEETINGS — The MWG convenes quarterly and
i attendev’ by representatives feom G, the space-
cralt eontraction, and the Launch sovice< customer.
The 1) MWG senior nismber is the mission man-
ager. who is suppocted by meambers of the GO st

as required. The MWG meeting provides an overall
program review, including review of the Master
Schedule and Interface Scheduling Document
(ISD). approval of program documentation, and re-
view of all outstanding action items and action item
closures since the previous MWG.

In general, the rachiital working groups coavene
as required to coordinate the integration tasks and
schedules. Working group meetings are attended by
the technical representatives from each organiza-
tion. Meetiig objectives include: development of
data exchange lists. a review of outstanding action
items. a status of scheduled activities, and a discus-
sion of cutstznding issues or coucerns.

GD also participates (either in San Diego or at
the spacecraft facility) in senior management meet-
ings held every six months. These meetings review
the overali swatus of the launch vehicle, spacecraft.
integration activitics, and other matters that muty-
ally interest spacecrafi and launch vehicle contractoss.

61§ INTEGRATION PROGRAM REVIEWS -
During the integration process, reviews are held to
focus management aitention ob sigaificant mik-
stones during the launch system desiga ard bunch
preparativn process. As with the working group
meetings. these reviews can be laitived to the user
requiremmeats; however. for o first-time launch, they
wmelude at keast a predfisunasy and critical mission-
pesuliar dsign rvicw M 3 aidssion readiness review.

In recogitian of & valuable “chicck and balanee”
provided in the past by NASA, CLS has established
an independent techaical oversight function. This
group of sentor personned participates in techaigal
and mission readiness reviews and participates in

- the formal review processes:  Engincering Review

b4

erd (E&B)  Pradiminay Design Review (PDR).
Critical Design Review (CDR), and final Livsch {




6.i.6.1 Mission-Peculiar Design Reviews — Priorto
initiating detziled mission-pecutiar design, GD holds
a PDR t0 demonstrate cotapatibility between the de-
sign ard mission-peculiar requirements. Prior to com-
mitting the design to production. GD corducts aCDR
o ensure the released design meets the missioa-pecu-
liar requirements. GD prepares and presenis the re-
views with participation from the spacecraft
contractor, launch sesvices cusiomer, and launch vehi-
cle management.

6.1.62 Miscion Readiness Review — This review,
conducted approximately onte week prior to launch,
provides a final prelaunch assessment of the iate-
grated spacecrafilaunch vehicis system and iaunch
facility readiness. The Mission Readiness Review
provides the forum for final assessinent of all launch
system preparations and for the contractors’ indi-
vidual certifications of lauach readiness.

6.L.7 INTEGRATION CONTROL
DOCUMENTATION

&L7.1 Mision integratica § nedute — This top-
level schedule is prepared by GD and monitored by
the MWG. It maintains sibility and control of all
major program milkest ae requirements including
working group mectiags, major integrated reviews,
design and analysis requiremients, and major aunch
operations tests. It is develay, 2d from the tasis and
scheduke requirements identified during the nitia}
integration meetings and is used by all participating

wganizations and working groups & develsp and

" update sub-ticr schedules.

€.0.7.38 lniestave Reguirenents Documents (IRDY
~= The customt creates the IRD o define technical
and functiveal reguirements imposesd by the spase-
<raft on the aunch sehicke system. The dosument
contains the applicable spscecraft data identified in

Appendix B. inforaration typicaly given includes:

* Mission requiremesits, including wibit parame-
ters, Launch window parametors, prescparation

and separation functions, and any special trajec-
tory requisements such as wermal manguvers
and separation over a telemetty and tracking
giound station

* Spacecraft characteristics, including physical en-
velope, mass properties, dynamic characteristics,
cortamination requiremeonts, acoustic and shock
requiremnents, thermal requirements, and any
special safety issues

e Mechanical and electrical interfaces. including
spacecraft mounting constraints, spacecraft ac-
cess requirements, umbilical power. command
and telemetry, electrical boanding, and EMC re-
Guirements

e Mechanical and clecirical requizements for
ground cquipment and facitities including: space-
csaft handling equipment, checkout and suppest
services, preiaunch and launch environmental re-
quirements. spacecrafi. gases and prapeliants,
spacecraft RF power, and mohitor and contsol
requirements

* Tesi operavons. incluting spacecraft integrated
testing, countdows operations, and cheekout und
launch suppoert

6.1.73 Interface Contrl Bocusment (D) — This

document defines spacecraft-te-launch wehicle and

launch compiex interfaces. Al mussion-pecubias se-

Qquirements are documeaied in e {0 The ICD s

pepazed by GD for the interface Conteod Wankiog

Group and is under configuration cunteal after fors

sl sign-off. The doswsiient coatains the techmigal

and functiona) requirements coatained in the IR,

and any additionat requirements develaped dutiag

the integrativa. process. The IcD sypersedes the

IRD and is approved with signature by both CLS

and the Laonck service custoshes. .

- &L14 inierface Schieduting Document (1ISBF —
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data recessary to accompiish intcgration of ihe

spacecraft with the Atlas launci system. The docu-

ment is prepared by GD for the MWG, with inputs

from the launch service customer. Signatory ap-

proval is required from both GD and the customer.

The ISD reflects actions and agrecments made by

the MWG. which has respoasibility for monitoring

and reporting schedule status. IED evenis include

interface documentation. analyses docuinentation,

hardware interchange, combined systems tests, and

launch operations integrated tests.

6.1.7.5 Mission Design &nd Aazlysis Documenta-

tion — Mission design and analysis requirements

are defined in the ICD. Integration anatyses generai-

ly ingclude:

¢ Flight vehicle trajectory analysis through space-
craft separaiion, guidance accuracy analysis. and
separation analysis

¢ Spacectaft and faunch vehicle coupled loads
analysis ulilizing integrated dynamic models

¢ 8C-0-LV clearance anaiysis

s Software develoganent and térge&ng

» Mission trajectory-dependent analysis, sech as
payload fairing venting

¢ Lauvsich veuck: stability and contvol analysis

v Anghvus and hardware design o incorpovate
mssion-peeuliar clianges to the baseline vehicle/
liunch samplex

* Rudio frequency comspatibility and EED analysis

» RF fink analysis

* EMIEMI compatibility analysis
“Mission analyses and design are scheduled in the

missuw integrative sohedule and are formally docu-

- mented in repons generated by GD. Updates are

- proviaed o requised and agreed to duning the inte-
'grsﬁm process. Fié!u:e 6-5 is a typical mussion inte-
gration schedule showing whea data is exchanged

6.2 VEHICLE INTEGRATION/LAUNCH
OPERATIONS

6.2.1 CRGANIZATION AND RESPONSISILE-
TIES — Generai Dynamics provides compiete vehi-
cleintzgiation and launch services for its customers.
Joosystem of lacilities, equipment, and personnel
trazded in launch vehicle/spacecraft integration and
launch operatioas is in place. The following subsec-
tions summarize the types of support and services
available. Figure 6-6 shows typical factory-to-launch
operatioas flow.
6.2.1.1 Vehicle/Spacecraft Iniegration — GD per-
forms Launch vehicle/spacecraft integration and in.
terface verification testing. This testing incledes:
a. Matchmate testing of interface hardvare at the
spacecraft contractor’s fagility:
¢ Prolwiype items
— For carly veniication of design
— For accessabality to instail equipmeni
- Koy development of handling/instaiiation
procedures
e Flight items
- For verificasion of ciical nuating inter{aces
prior to hardware delivery to launch site
~ Separation system iastallation
~ Bolt hole pattern alignmeats/indexing
= Mating surface flatness checks
-~ Elecincal conductivity checks
— Electrical harncss cable lengths
- Elavtrical connecior mechanical interface
compatibalities
b. Avionics/electrical system interface testing in
the Systeqss Integration Laboratory (S1L) at San
Diego. using a spavecraft simulatizr oF prototype
test items for verifving functiona! compatibdity of:
¢ Daty/insuumentation intorfaces
e Flight comrol sigeal intesfaces
e Pysotechnic signal interfaces




£r8 -S85016G859

walf UdisIp pup SEADVD WClssTM [PNEE §-9 urdlyg

2UvIA 5 Hvda 2410 RINTE R DUTL BN T5W
) _ ~_ 3 — v —n _ c_ f _‘.— o%o.-:w " ,; -.m: ulp.wr:m!w.«_ Sw;uﬁuzwi %!a..;..iit‘!i!w:ﬂa-#sﬁt.sn-iids
c : ) HEHG T 44 WYDIHL0319
£ IR ITINY T L
) FOOTEMIMS | ey TR
15N SIS 4 4 y
_Isu 7~ T o — 3 NEIS30 31 TYINYHD I
BT T A Y
) S sie u:a‘@!a WM Tadn
ot o ¢ EL T - , -
P ; o A 4 IONVI ALSAYS
F0AD COWITNCUVISRIIA © IIA 28 FaY oy o'y Pagt
VAN - WS S5 Y and ALASYS AR ML TXMA PN DR
N __,A!u.wg ; N.ﬂ SONNY W $ ] .
SAIVICWOLYS © 1w ) SISATYNY T¥YDIH19313
WMWY © e
TPIIOAN APHISN L VAN ANAWD
T e it g
Ty : ) SISA YNV SO
THUMD BWNIJINEN © 1T £
IV MHIAR © Y OGN A 3
IFNTO O ¢ M e ety 1o .
s — - —— BVIALIOS
Mty vk SR SN SROSATIN ) T U DTINO 3 PR R0 S0 P
JIPEANER I " HeIrime SAGTIH IS A.WKF;}Q A ‘ xw
POTMW THVOLAY ; : . AT 2 SOV
.&._!c-ieamh.lﬂngo v SibisNOD 4y [ o~ — s A A SIKA ?.2.( ATNVEVID SOGVC
CHTMIO) AROTY - Sov Hvasi o fwien ,MSSQ.- oy R
hWI ‘ N SISATYNY Wiy
i - Y . i
NOH VDDA Ty AV L ) 3 .
% e ;| SISATYNY IO ¥ 30ONYGIND
LTVINTOV Yag 4rgs “wwe am >3 A FAXYEN ast
LRIV WD
A ~ . 3 NOISITNCGISEN
PR AN _Wv ot > wate T \n# - »\.J,E.MM;. o
SIDARITIVLS LN I A .
C ; 3 013 020 g
s 7oy m 75 7s
W YA e " ey 25 ]
PAY o Vot aY P “
[T+ 7141 KR GNODNRA JYIUGA XX WL W FTs%Y .} q:M SIS THIUEYN
.~am,_-—.—‘L‘ﬁ_..ﬂo—w.x—..wr ....w\;.*‘:w«!mA.m-.;—twﬁuiﬁﬁmﬂ._: ...ii..S!lnc.cH!— - .Ntvﬂuﬂﬂuwﬁa
ZUY3A 5 UYSA LMD A VNI ea B ST,

6-7




¢. Special development tesis at the launch site:

o Spacecraft data fow tests at launch pad (o
verify spacectaft mission-pesuliss coramand,
contrad. and/or data velurm circuits, both
hardline andioe RF) '

» Electromagnetic compatibility { EMC) tesung

at the launch pad (o verify spaceerati, aunch

vehitle. and lasnch pad combined EMC cum-
pauislity)

In addiion 0 integrativcfinterface verification
tesi capabilivies, General Dynamics uses tess agili-
ties th Son Déecgo © perform systeth developiment
e of perfonning tests oo lasgpe space whicles (soe
Figute &7 Other test Gacilities. inchude:

* Vibeation test laboratoiy
o Hydraulic test Lboratosy
Pocuauic high pressure ard gas Bow Libvataiks
Propetiant tanking test stands

[

Structural test stands fiw static and modal testing
Cotbined envizonmen! wvibration, acceleration
and temperature cettrifuge

» Thermal vacuum test chambers

o IF radiation Liboratory.

6€2.1.2 Launch Services — fu addition to its basic
sesponsibilitics for Atlas desy»  manufactute,
chechout, and Launch, GO ofiers the following op-
crations imtegrativn and documentalion senices i
suppoit of peelaunch arad laurch opesations.




ACOUSTIC CHAMBER

o CUNENSICHS: IFTEMUFT V)
#AT XL

o VOLUME: G5.£00 FT7 (0003 WH

« SREGUTNCY RANGE: 2% YO 10.060 We

« SCUND PRESSURE LEVEL 14 @

o DUTR SCCIRCITION: 253-CHANMEL CICIAL
REQUITE SYSTEM

+ 22,000 GAL (63 3 =) CRYOCENC
TALLG ARSITY

CUGHE0T2e

SaM STRUCTURE

e 2een 0 Im

-« SLURRE FOOTAGE UG FTY (362 @D

o (SERERD CRANE 18-TOM (RSN 03
TAANELG SADCE CRRNE

« ML CONTRCL NOOR: 4E FTRMFT 25X te i
» MAENTEF DE NI A 182

THERMAL CHAMEEZR

« TRESESORS. 30 FTA 31 FT L S8 ()
ATLEIN152m

o SCLUBE RS0 FT 1 31k mY

o TEWPERATURE RANSE A0'ETO « 133°¢
{210 « 5571 WITH NOMWDITY CORTRCL

» TEMPEAETURE RATT CRANGE 17 MLTE
2 oem)

« DATA ACSINSTNGE L SHANNIL G
DAY MOTS

et 4, e

OGO 148

Fpure 07 Integrated acoussic and tkerm! test fuctiaty. Comral Dvnomecs §;xe Syssems Divuscon. San Deay. Californe

PR




a. Launch site operations support:

o Prelaunch preparaiion of the GD-supplied
paylcad adapter. nose fairing and other
spacecraft support hardware

+ Transport of the encapsulated spacecraft o
the {aunch pad and mating of the encapsu-
lated asscmmbly to the launch vehicle

e Support of launch vehicle/spacecraft inter-
face tests

o Suppaet of spacecraft on-stand launch readi-
ness tests (if requested)

e Prepare for and coaduct the joint launch
counidown

. Promide basic facility services and assistance in

installation of spacecraft ground sepport equip-

ment 2t the lauach site. This typically includes:

* Inswallation of spacecraft power, instrumeis-
tation, and control equipmens in the unch
services building and blockhouse

* Provision of electnical power, water, gases
iholium and GIN;) tong-run cable circuits, and

¢ Supply of on-stand payisad air conditioning

v Provisioa of a spacecraft RF tepeater systein
i the mwbide service tower {permitting ua-
stend spacecraft RF wsing)

. Coordination, preparation. and matenansce of

reguired range support documents:

* Air Force System Command required docg-
ments ~ Reguired whonover suppast by any
ciement of the Alr Force Satellite Coatsol Fe-
cility (AFSCF) is vaquested
~ Ovbltal Requirements Document {ORD)

- Extails ali vequitcmenss for suppont
{rom the AFSCF remote tracking stations
{RTS) andior satellite wst ceater (STCY
dusiag oa-osbit flight operativos

6-10

e Range ground safety and flight safety docy-
mentation as required by Range Safety Regu-
lation ESMCR-127-1
— Missile System Prelaunch Safety Package
(MSPSP) — Provides detailed technical
data on all launch vehicle and spacecraft
hazardous items, whick forms the basis
for CCAFS approval of hazardous ground
operations it the Lunch site

— Flight Data Safety Package — Compiles
detailed trajectory and vehicle perform-
ance data (nominal and dispessed trajec-
tories,  wstantapeous  unpact  data,
3-sigma maximum turn rate data. eic.)
which forms the basis for CCAFS ap-
proval of nussion-uugue tasgeted trajec-
tory

d. Flight status reposting during Riench ascent —

Real-time data processing of upper stage flight

telemetry data to provide the lulowing in noar-

real time: '

* Mark event voice cullouts of major flight
events theaughout launch ascent

¢ Oebital parameters of attained parking aid
uansfer oebits (from upper stage guidancs
data}

o Coafirmation of spaoectaft separation. time
of separativn, and spacoeraft stttude at sepa-
Fation

. Tiansmusares of spaoecrait dita via uppes stage

wieetyias an opliaa) — Intettesving 3 linuted
amstt of spacectaft data into the uppet siage
tefermatry fovmat and downdinking it as pant of
ihe upper stage hght data stream

RPostilight provessing of fasunch vehicle flight
data — Quick-louk, pretinunary, and finad Sight
evaluation repekts & selocted Gight daty on 3




timeline and quantitative basis, as negotiated
with the customer

6.2.13 Propeliants, Gases, snd Ordnance — hlinor

quantities of GNy, liquid nitrogen, GHe. isopiopyl

alcohol. freon TT. and deionized water are provided
prior to propeilant loading. A hazardous materials
disposal service is also provided. Spacecraft prope!-
lants are available at the CCAFS fue! storage depot.

The United States N.lional Aerospace Standards

and U.S. Military Specifications that they meet are

described in Table 6-1. If the spacecraft uses any of
these propellants, they must be supplied by CCAFS.

+ Sampling and Analysis — Analysis of fluid and
£as samples is provided as speciiied ia the Inter-
face Coatrol Document (ICD}

s Propellant Handling and Storage — Shoetdzim
storage and delivery tothe HPF of spacecsait pro-
pellants.

* Ordnance Stovage, Handling, and Test — Space-
craft ordrance and solid oxiors receiving inspec-
tion. bridge wire cheek, eak test, mator buildup,
motos cold sask safe and arm check, Xeray, and
delivery to HPE  Flight units may be stosed for
spproximately uree months and spares may be
stoved for up 0 six moaths. Qiler long-toven stor-
age & peosided oa a space-avalable basis and

Tubie &1 Fiperplic propeilints avackide o2 CCAFY fond
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must be asranged for in advance. In addition.

there is a safe fucility for test and checkout (re-

ceiving, inspection, kot verification testing) of osd-
6.22 INTEGRATED TEST PLAN (ITP) — Ali test-
ing performed during Atlas design, development.
manufacture, launch site checkout. and launca op-
eratioas is planned and controlled through the Atlas
Integrated Test Plan (ITP). This encompasses all
launch vehicle testing. including the spacecraft mis-
sipn-peculiar equipment and iauvach vehicle/space-
craft integrated tesis.

The ITP documents all phases of testing 1 an or-
ganized. structured format. It provides the visibulity
nccessayy w formulate an integrated test program
that satisfes ovrall techmecal requirernents and
peenides a managemeat WX to control tost program

The §TP consists of an introduciony seotion {de-
fining test coacepts, philosophy. and management
policies). 3 summary soction (prosiding a system-by-
system listing of all tests, requirements, and con-
stzainty for hardware development) asd sewen

sections designated for seven dillerent phases of

testing (i.o., design cvaluauon, qualificatsos, compe-
weiets, flight acceplance. lavnch site, ete. (see Figure
6-8))

Subsections within twse headings coasist of tw
wdividual wst plans for cach Atlas component. sys-
tenn and integrated syxtem and provide the detailed
lest requitements and parametens weosssary W
achuewe desized tost obseetives. Each subsection s
issued 38 9 unigue stand-glone document. permit-
ung ils review, approval. and implemeatation to be
awomplished independently from the pazent dixu-
ment. Signatory approval s reguared from both GD
and the custorner for all launch wehicle and space-
ceaft wtegrated tests.
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&3 ATLAS AND CENTAUR TEST PROLCE
DURES ~ All test operations ase pesfosmed in ag-
cordance  with  documented st procedutes
prepared by test operatins personne! using the &p-
priwed FTP subeections together with engincering
drawings and specifications. The proocdutes far
wating of Atlas flight hardware are formally re-
vigrd, appioved, and released prior 1o test. The
~sroceGures are venficd as properly performed by ie-
spection and made a part of each velucle'’s peema-
nent history file for use in detenminng acocplance

Teat procedures are alsh documemted for sgace:
orafi nussion-pectliar hardware and fov joins tawnch
whiio/spacecraft sategrated tests and operarions.

012

Customers are gtged w diseuss thelr need with GL
cazly in the mission plansuag phose so that the van-
ous itetiace and hardwase tesis can be wenuficd
and planned. Custoner porsaaned ioview and ap-
PRONe msiat-pectiar fes prikedures and parti-
pae as sequired 0 LVASC integrated tests.

24 LAUNCH VEIHCLE TASKS — The foliw:
g paragraphis provide an averview of the ropical se-
Guence of tests aud activities performed during
manufacture, prelaunch checkout, makw lausch
readiness operationg and Liuach couttdona of the
Atlas launch whiscle. The purpose is (o provids cus-
woners with 3o overview (o the peneral ow an
weesall sovpe of astivities tygacally pedonsied.




&2.4.1 Factory Tests -~ Flight vehicle acceptasae
(or factory) tests are perforined after final assembly
is complete. Functional tesling is typiceily per-
fermed at the system level lovepressure and leak
checks of the propellant tanks and intermediate
bulkhead. checkout of propellant-lovel sensing
probes. verification of all eiectrical hamessss. amd
high-nressure pneumatic checks.

€.2.4.2 Launch Site Prelaunch Operatizas - Fig
ure 6-9 shows a typical Atlas checkoui snd launch
operations sequente. Upoa arnval at-the launch
sate, ali launch vehicle items are inspeciad proe o
erection on the lausch pad.

Following erection of thie Attas and covmnection of
ground ymbitical lines, subsystem and system-iewal
tests are performed to venily compatibitity betweun
arborne systems and assosiMed ground suppost
wJuipment in prepars tion for subseguent integrated
systemn Wsis.

The paviaad fainag habws and paviead sdapier
are prepared for spacvecalt encapsulaion w abx
HPF (see Figure 6-13). fwo mator fests are pen
formed befiws the baynch vehicle and bisnch pad are
prepared to accept tie spavecrall and stant ek
graled opeabos.

o Launch Vehule Simudated Flight — This first ma-
1o iaunch vehicle test verifies that all integrated
Atlas and Centaur ground and airbosme electrical
systems are ounpaiible and capable of proper w-
tegratad gysten operation threughout & stmu-
lated faunch countdown and plus-count fign
sequence.

Her Dress Rowarsal (WDR) — The WDR s a
tanking test to werity Ui readingss of ali groasd
and atrborne hazdware, 2l support functions, the
lauwch countdown procedure. and alf Atlas and
spacecraft system lauach operatioas perseame!
assigned launch countdown responsibilities. Al-
though pad operations and selected system 1s-
sponscs are simulated, the WDR demanutrates
shat the integrated Atlas gwound, wirbome, end
ssscisted lavach sugpon Runchons, excheding
FANED vperalions, are ready W suegst lagugaops

The oostomat supportys the Buach velucle s
based fight and WDR opeeationas. Although space-
craft and fsunch vehick: sotivines are wiulated.
parsepsnan crhaiaes afioeagy of potseanet and
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§.2.43 integrated Operatioas — Following suc-

cessiul WDR. the launch vehicie and launch pad ate

prepared 16 accept the spacecraft and commence-
meny of integrated operations. Major piclacch in-
tegrated test and operations include:

» Encapsulasted spacecraft positioning in mobile
service tower (MST) and mate o the launch
vehicle.

* Performance of spacecraft flight readiness and
systesn functional tests, including mission-peculiat
command. control, and data return circuits, boih
hardline and RE

s Composite Electrical Readiness Test (CERT)
which includes space vchicle and launch vehicle
pperating :hrough an integrated simulation of the
final minutes of launch countdown and the plus-
count flight sequence.

« Final {aunch readiness preparations. including
e following major tasks:

— Cantaur doH, tanking

- Atlas booster Ny, tanking
— Atlas RP-1 anking

— Pyrotechoic installation

* L-1Day oporations. consisting of integrated test-

ing and final readiness tasks. including:

-~ Spacecrult servicing as required

— Launch vehicke cioseout

— Centaur C-band radar transponder and
S-band wlemetry tests

— Fhight termination system test

— Atlas final ordnanoe tasks.

For all operstions following spuececrall mate, the

Sedlowing mpas opeTaiitaal

INEIATRE TN

Oaitons

¢ RF silence: RE safor o s veqaused for eaght hours.
off-shuft, at apgwonmateiy L-3 Day. tor wstalla-
vom of Atlas ordnance and foy three hoers on L-1

Day ordnance electrical connecticn. RF silence
¢an be scheduled during the launch counidown to
support spacecraft ordnance connection.

o Hydrazine loading: Access to the MST is re-
stricted during the off-shift hours between L-3
and L.-4 Day during Atlas and Centaur hydrazine
storage tank fueling operations.

¢+ Lightsing: Cloud-to-ground lightning within five
miies of the launch complex after fuel or grdnarnce
is instatied requires pad clearing of all personnel.

* Hurricanes: The MST is designed and proce-
dures are in place to secure the launch vehicle and
MST for hurricane conditions.

A summaiy listing of ihe tasks versus their ap-
proximaie launch-day scheduie (launch days are cal-
endar davs before launch) is provided in Tabie 6-2.
6.2.4.4 Launch Countdown Operations — The Al-
las launch countdown consists of an approxsnate
nine- to ten-hour caunt, which includes two built-in
holds — one at T-90 muinates (for 30 minutes) and the
second at T-3 minutes (for 10 minutes) — o enhuance
the launsch-on-tune capability (see Sigure 6-11).

GD's launch conductor performs the overall
launch countdown for the iotal vehicle. The launch
manggement is designed for customers and General
Dynamics efficiencies and control elements (see¢
Sgur, -12)

Spacecraft operanons during the countdown
should be controlled by a spacecraft est conductor

Tabie 6-3 1 anmk-day fask schedule

L-day
o Grouns and Jnteng SySIems eadiness weits Lod
* Araongtonung Aow 1 wontony! fe S0 L-4
» Pychrarne yoaing of Caniny reacnon L4403
SOMErGE SySiem
¢ AiEs BP- 1 ianrg L-3
¢ Syprohectiut NERAAIONE L-3
o Avas ne Ceortanr taleny MUEIEhons L-2
o Crlnamat TG rEREiahang and hockess L-
« Launcih veintiy CIDSEI0UT 1RIME L1
+OOREOLED- 14
L
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b oguire 0-11 Launch cowndown summary

located either in the Complex 36 Blockhouse or at
some other spacecrafil coatrol center (e.2. in the
spacecraft checkout facility) at the optica of the
spacecraft customer.

As launch pad integrator, GD prepares the over-
zll countdown procedure for launch of tie vehicle.

Typically. however. the spacecraft agency pre-
pares its own launch countdown procedure for con-
trolling spacecraft opesations. The two procedures
are then integrated in a manner that satisfies the op-
erations and safety requirements of both and per-
mits a synchronization of tasks through periodic
status checks at predetermined times early i the
count and a complete mesh of operations during the
final steps leading 10 final committal to launch.
6.2.5 LAUNCH CAPABILITY — In addition to the
scheduled 3-minute and 10-minute countdown
holds, additional hold time can be scheduied for up
t¢ two additivnal hours under normal environmicn-
tal conditions or until end of the scheduled faunch
window, whichever comes first,
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Launch window restrictions have typically been de-
terrnined by the spacecraft mission requirements. The
Atias launch vehicle essentially does nos have launch
window coastraints beyond those of the mission.
62.6 LAUNCH POSTPONEMENTS
&2.6.1 Launch Aboxt/Launch Vehicle 24-Hour Re-

cycle Capability — Prior to T-4 secounds {when the

apper stage aft panel is ¢jected). the lagnch vehicle
has 2 24-bour tumaround capability following a
launch abort due to 2 non-launch vehicle/GSE prob-
lem. If the abort cccurs after secusing the interstage

617

adapier area, access to it will be required to service
the NoHy system.

6.2.62 Launch Abcrt/Lannch Vehicle 48-Hour Re-
c<yile Requiresnent — A launch abort after T-4 sec-
onds and prior to T-0.7 seconds requires a 48-hour
recycle. The pnncipal reason for a 48-hour recycle
versus a 2d-hour recycle is the added ume require-
ment for replacing the upper stage aft panel (ejected
at T-4 seconds) and the removal and replacement of
the propeltant pressunzation lines pyro valves (fired
at T-2 seconds).
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7+ ATLAS ENHANCEMENT OPTIONS

General Dynamics has identified the vehicle modifi-
cations for the Atlas family to perform altermate
types of missions. In addition, we are developing a
performance enhancement package for the Atlas
A and EIAS vehicles, which wili be available in the
second guarter of 1993.

This section addresses the following modifications:
¢ Biock 1 performance enhancements
* Centaur extended mission kit _
* Structural upram..fét heavy payivads
> Lengthened l-;-fhox payload fairing -

7.1 BLOCK 1 PERFORMANCE
ENHANCEMENTS

General Dynamics is developing a performance en-

tsfied. please contact us to discuss additional per-
formance enhancement oplions.

72 CENTAUR EXTENDED MISSION KIT

The majority of previcus Atlas/Centaur missions
have beea to GTO. This type of mission typically re-
quires two Centaur bums and a relatively short.
15-minute parking-orbit coast. For other types of
mssions, such as low Earth orbit {1.LEO), high Earth

. -orhit (HEO). and planetary missions. the parking

hancement package w increase the performance o~ -

the Atlas {IA and IIAS vehicles. Thess enhanced

configurations will be available in the second quar- -

ter of 1993, The enhancement package uses vehicle
modifications that asc straightfcrwarg and do not
affect system reliability or operability. The en-
hanced Auas 1A and LIAS configurations feature
an uprated Centaur engine, the RLIGA-4-1. This en-
gine offers a thrust increase of 1,500 1b (22360 b
thrust) and an L, increase of 2 seconds (451 sec L)
The Centaur forward and aft bulkheads will incoe-
porate lighter weight and more efficien? insulation
materials. The air-lit solid rocket motors on the Az-
las 1IAS are being modified (o decrease the nozale
camt angle and increasc the component of axial
thrust. In addition, several flight software and mis-
sion design enhizncemsnts ave being developed to
further optimize the ascent phase. The performance
vields for the enhanved Atlas ILA and LLAS are in.
cleded in Section 2

i ar initial performance assessaaent indicates
that & particular WisSION's TEQUINSIICNLS are Bk $3-

orbit coast period can be much longer. General Dy-

namics has investigated the ssues associated with

Centaur -perfoeming 20 extended parking orbit
waast. These include propeliant management, ther-
mal coatrot of componints, and space vehicle power

_sequisements. We are developing & misston-peculiss

kst that wall allow Cesitaer to perform parking orbit

~ coasts of up 10 %0 minutes. The Centduris modifies

o incorporate. as additional helivm boitie. a bal-
anced ventsystem for the liguid oxygen tank. and ra- _
diation shielding on the LO; tank sidewai (Figure
7-1). The Centaur's avionic and electrical cwap.}- B
sents will be covered with special thermal paints and
wapes, and additonal radiation shiclding to main-
1ain their operaung temperatures { Figure 7-2j Thus
kit wiil be avaiiabie in the second guaster of 1993 for
use on the Atlas 1A and HAS velucles.

73 HEAVY PAYLOAD UPRATES

For LEO missions. the vehicle performance capabil-
ity axceeds the structural capability of Coniaur’s
equipawent module and payload adapiers. General
Dyunamics has investigated the vehicle modifications
required io launch payioads in the 10,0080 18080 ib
(4550 1o 8200 kg) range. Based on the coafiguration
of the spacecraft, either a 62-inch (1575 mm) or a
15-i6ch (2667 mm) diameter snachanical interface
can he provided with minor Centaur moditications.
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Figure 2-1. Ceatuur aft bulkkocd for extemdesd cousts.

The 62-uch (1575 mun) diameter interface vwould
be provided by strengthening the cuttent equipiment
module. The changes are straightforward and in-
clude increasing the cross sectinnal area of the for-
~ ward ring and increasing the gauge of the stringsss.

REMOTE

Fgire 7-2. Tipweal Consisir ogupmsent modide for ex-

<4

+~

This option offers the same bolted interface and
stayaut 20nes as the costing equipment modale. The
structural capability of the strengthened eguipment ‘
modede is shown in Figure 7-3. it should be noted
that if an application excecds this cusve, additional
strengthening of the equipment moduk is possible.
A nussioa-unigue payiad adapier and separation
systom males with the p of the equipment moduke
and can be provided v cither General Dynamics o3
the spacecraft manufactures.

For extremely large or heavy spaceeraft. the
185-inch (3667 nun) diameter interface offers great-
er stiffness and structural capabelity than the
62-inch (1575 mm) interface. This concept featuresa
truss adapter, wiuch is similar in design to those
flown on NASAs Viking piogram (Figure 7-4),

The design incorporates an aft torque bax and
multipk hard points on the Centaur equpment rod-
ule and an inlercostal in the stuly adapter (Figure
7-5). A scties of steuts attach to the hard points and
suppoit a forward worque box. The forward torque
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box provides a bolted interface. The structural capa-
bality of the truss adapter is shown in Figure 7-6. It
should again be noted that. if an application excecds

GSEISES- 158

- Figure 73 Viking sruss cicpter for heavy pacecraft

this curve. the design can be strengthened tomatcha
patticular application. The mission-unigue payload
adapler and separation system that mates with the
top of the truss can be provided by cithwr General
Dynamics or the spacecraft manufactuser.

74 LENGYHENED 14-FOOT PAYLOAD

FAIRING

For spacesraft that exceed the height of the standard
14-foi (4.2 m) payload fairing, we can develop a
lengthensd Tairing. The fairing can be readily fength-
encd up w 3 feet (9144 mm) by incosporating a
spacer at the forward end of the cylindrical section
{Figure 7-7). This congept has been used previeusly
on ather Atlas paykad fairings. The launch avail-
ability of the lkengthened vehicle is maintained
through minor modifications to the Centaur. The
payiwad envelope lor 3 lengthened fairing is shown
in Figure 7-8
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Figure 7-5. Truss adapter for heavy paylouds
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8 + WEST COAST ATLAS LAUNCH CAPABILITY

Missons 0 Sungynchronous, polar, and stable
63.5~degree incined aabits are more reaaily launched
from a West Coast launch facility thsn from Cape
mized from a West Coast site. General Dynarmnics has
{USAF) planning 1o place Atlas"Centuur capability at
Vandenbesg Air Force Base (VAFB) in Califisnia

Plans have been defined for modification of Space

Launch Cornplex 3E (SLC-3E) a2 VAFY for the Atlas

1 should be noted that capability to tmch the
Atiss M, 1A, and {EAS from VAFB does e careens.
Iy exis?, bwst the USAF Bas o plaw to divelop this o3
pabiiity,. Whea this «apability Beconies 2 realiiy
peciected for 1996, the facility will e wened By the
USAF zad will be inteeded to be used v US Govw

ey

(ATAS B LE5)

KE-IATLAD

TR

I R ]

cusiomers olber than the US. Govervaneni will ve-
Quire USAF concusvence.

SLC.3E modifications, as sumnyirized ia the fol-
lowing pages. have been discussed in detail with the
USAE Ower the List two decagdes, NASA and the Air
Foroe huwve shared the vse of SLC-3 facilities for the
TIROS-N. SEASAL GEOSAT and NGAA
programs. Costinzod NASA-USAF cooperatica is
expacted for future West Coast launches with the Al-

81 EaCILITY LGCATIONS

Asles baunch fecilities at VAFE are lacated at Space
Lawneh Complax 3(81.C-3) as dlustrated in Figute
&1 SLC-3E s lucated approxisiately seven milss
approximately four miles foom NASA Buildiag 83%.
For referency. the locativas af 31O, $10-6, 2nd
Buildings §510 and 7525 are shown. These sress sre
prsnnal igesational supgart Luilities for dhe Azl

LGSBIES 1Y

Figare 8-i Locction of Lsmedt factlities ot VAFB,
L




If famiiy of launch vehicles and/or for payload
operations.
82 ATLAS HISTORY AT SLC-3
Originally cesignated as Point Arguello Launch
Conplex 1 (PALC-1). the SLC-3 launch facility was
developed by the US. Navy 'o launch the Atlas D
onoster with an Agena upper ctage. Using the
dual-pad capability. a total of 18 Atlas/Agens ve-
hicles were launched from PALC-1 between 1960
and 1963. Upon compledon of this Atlas program.
Pad 1 was coaverted to launch ThorfAgena vehicles
and Pad 2 was placed in a wunimum casetaker
status.

In 1965, Pad 2 was configured to laurch the Audas
Stzndard Launch Vehicle (SLVS3) 2 space taunch

whicle design basad cn the Ailzs D ICBM sysiem.
In 1986, the U S Navy Point Asguelle facilay was as-
signed to the U.S. Air Fosve along with rosponsibed-
ay s all spoce and messile Geawh Loviaatgs,
Subsagusatly, PALC-1 was redesipmuied B the
LSAF as Spave Lagnch Complex 3 and Puds Land
2 wore redesignated SLEC-IW (West) and SLO3Y
{East), respectively.

Between 1983 and 1972 38 ThooiAgens wiicles
were %&utu.}.k‘d from SLOIW In 1972 rmand: ‘E{rahm

of SLC-3W was initiated to accommodate Atlas E/F
ICBM vehicies refurbished for space launch opera-
tors. SLC-3W remains in this configuration with
additionsl Atles E launches planred through 192
In 1966. three additional Atlas/Agena vehicles
were laenched from SLT-3E. and between 1966 and
1963, four SLV-3s were launched. Following the finul
SLV-3 faurch, SLC-3E was returnad to minimum
caretaker status until 1973, at which time it was mo-
dified o launch Atlas E/F vehicles in support of the
Global Positioning System (GPS) program. SLC-3E
was subsequently retumed to the Atlas D configura-
1ot 1n 1982 to suppast the USAF Atlas H program.
Betwoen 1983 and 1987, five Atlas H vehucles were
steceasfully lavirched from SLC-3E, fallowed by re-
turn of the lzuach pad to nunienan Carctaker status

{current status)

The tustosy of SLAT3 is summanmd in Figure 82
8.3 ATLAS H SiTE DEVELOPMENT
&3.2 CONCEPT STUDIES — I 1589 Geners!
Dwnamucs peoagmzed that the plasned DoD space
launch capabiiity at VAFE had a significant per-
umance gap that. of Giled by the Atlas H fanuly.
woulid sipnificantiy beacfit payioad mission plan-
ming. With an Atfas HAS banch vapabsliy at VAFR
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a payload of 7300 kg (15.100 [b) could be delivered ino
a low polar orbit.

This launch wvehicle performance assessment
resulted ir initial General Dynamics studies to de-
fine the SLC-3E modification requirements that
would be necessary to establisis the Atlas I West
Coast capability. Top-level requirements. techniczl
approaches. cost estimates, apd site activation
schedules were developed and provided to the
USAF Subsequent USAF interest in the Atlas Il ca-
pability resuited i General Dynamics development
of a launch feasibility study.

832 DEVELGPMENT STATUZ —~ Throughout
1990, General Dynamics developed system-level and
detsiled requirements for SLC-3E activation. Cola-
cigent with this Genera! Dyaamics activity, USAF
mitiated the required envisonmental umpact/envi-
ropmental approval (EA} process with Sana Bar-
bara County in October 1981 and tinal EA appioval
was received in July 1591,

Activity during 99 included range safety studics
tor the Atlas IIAS. Flight safety asceat event se-
queniig was doveloped to ensuge that solid rocket
booster jettisan cvents would result in SRB casing
unpacts clear of all tond masses, wcluding the Santa
Barbara Channe: Islands, In additipn, explosive sit-
g studics venfied that Atlas HAS quanuty-
dstance 1QD) saiety cnteny wese in compliaacs with
the existing SLC-3E QL cxpimive siting envelope.
Recent activities have included developang reguaie.
ments Socuments for the faabily and ground sup-
part equipment, plans for use of the cuisting facility,
and activation schedides
84 REQUIRED FACILITY MODIFICATIONS
The upgrade of SLC-3E from the existing Atlas Y
configuration to an Ailzs [AS taunch pad ivelves
design and mstatiation of new hardware, modifica-

R.2

tion of some exisiing hardware, and use of somc ex-
The activation plan for SLC-3E inciudes reloca-

tion of the Atlas Launch Coutral Center (LCC) from

the existing Bluckhouse to Building £510. Building

7525 kas adequate space for Centaur receiving in-

spection to be periormid in this facility. The SLC4

gaseous nitrogen (GN)) pipeline is planned to be ex-

tended to SLC-3, thus providing a high-volume,

tigh-pressure supply to the SLC-3 site.

8.4.1 OVERALL DESCRIPTION — Figure §-3

provedes anoverali description of the lavnch site up-

grades required to achueve SLC-J lagnch capability

for e Atlas Ul family of velucles. New and modified

equipment ts identificd in these fgures by shading

Soar of the moie sigmficant spgrades inslude:

* Now mdle service e (MST)

v New umabilical wwer

¢ Modified eaxhaust duct with gontoured Jelsxtion
asyge sumitar to SLC-36

* New Centaur LHy storage arca

¢ Madified LO; storage atea

o New GN; pipehine from SLC - with receiviny/dis-
tnebation station

o New MST bwidge, embankment, tracks. and
tedowns

o New flare stack for LHj stovage tank bueksi
dispiosal

&5 SITE ACTIVATION SCHEDULE

Ceneral Dynanucs studies and current sehedulos

are witended to suppost 3 1956 Liuach capability.

L6 MISSION DESIGN

The Range Safuty requirements of a West Coast
aunch site pernut high-inchnation orbits mot easily
arfieved from Flonda. Highly inctined otbuts,
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Figure 8-4 Al
63 $-depree 1nclination orbus, are readily achsoved
fioen VAFB with near-die south Launch asniuths,

Tigjeatory Design - Atiss Dunches from VAFB

s

will a2 ascent profile sequencing and ooy do-

sign direct ascent, parking orbit ascenty sumilar w
thoir Fast Coast countenparts. AsCert misson s
quenging paraeters wall be shtered to reflect safory,
Ling esurtlight, and hardwase gitison coastrams
fmposed by the U3, Aur Foree Xh Space Wing, Fig-
ure S-4illustratos sevecal candidais iunch samuths
353 W {705 M. CIRCULAR,
KOVERIQLL TRALE DECTT RGTENT

- PRALEAG
SN

TUNERCLY TRACE SHERONG. ORENT ASCENY

associated with dcsired inclination final arhits. Fig-
ure 85 illwdrates ground traces for a reference di-
rect ascent and parking orbit ascent mission to a low
Earth oebit. As 2 note. parking orbit ascesnt missions
to LEQ utilize «hert-burn constrainis and the long-

coast kit as described i Sections 238 ang 235,

8.7 ATLAS PERFORMANCE CARPABILITY
from VAFB for bath direular and cllipues] orbats. The

perfTRance curves represeal e madmum caoabih-
tv to the specified vebits with 3 three-sigma (WE7%)
probability. Groe speaific spaoeerail mass pryperties
Sat pwopuiEFa data. missen eV, and tissioa
comvtranys are wenufied addivoual pesformance @
Enaton cas he donalopaid o speaifically addsess the
WILQUS TRISSIN FCGQUITCIKRL,

Pasiosgd Systems Welght — As noted ia Sectva 2
perfosmance capabifitios Quuded thmughout s
diuarein are presented  terms of pavkad syviams
weight. Andacd stewy uwesght (A3 s St uc the
tonsd mass dednorad (0 the torget oedat, moiudg the
sepnirated inenal, any s eorul - fo-datonek volele
wlisner aad ol ovtser burdavre rogurrad on the Lsson B
verale S SRt i paviensd vty il tersa-
e yasesn, kaowessng #0e. 1 The weight of the hesvy

32 (PSS R SO ULAR,
R STNCHRCRLE SR

Fpore 8-8 Goosd troves fow LEO) sasssons oe 4dce

R




pasload adagier system, inclnding changes o the
Ceataur forward equipment miiale, sinh adagiern,
andh tha truss adaptor, are considered part of the
pasicad required bardware »=d ;i be sebivacied
frem pasload systeias weght (o determive space-
eraft mass capabilits Payload hardwaie regquire.
mens vary {rom mission o musston and depend
upon payiaad interface yequirenwenis amd gayiond
design cnstraints. T funiier devrlop the Ala pea-

-wy-pavinagd pusdoa options. 2 refexgme

hardware bst has been kvgioped gart &

gt with & uesdonsn st of reguiromesds,

A eaeh Bereon Jeveiaped wail requiss s own s
Gurcy soducle meriate 380 suppadt sydtvan. this
hat ol vary to swa edivided! pevlond sogiive-
menis. Anas pesformaroe capabiiities are bawd o
e groand reles Hsted in the pext section
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A

Parformznee Ground Rules — The Addas petform-
ance capeotlities presented in this section are based
aa the tajectory design ground rules listed in Table
8-2 and shown oa gach plot.

Performance s shown i Figures 8-6 thuough 88,
matniities,

Frgmen 2T amd B-Th shoe Adlas A

sl vehle performanos (@ the specified orbits.

Frguses Bz 3nd 8-8b show Atlas HAS performance
capabibtics. Within each fipure, the fust and secondd
curves vhoe direct asoeat performance to olliptical
a7, qind the therd and founth show baeh dicect and

pasksy arlsl ascent performance w arcutar orbits.
€ = ¥

Many of the trajecton desige centinaas. iniud.
) jettisan critunz, fsnstes stagiag kevel ground te-
lemetey comstraints, and parking and transfer arbit
gengse shiteies can be madified 1o satsgy speniiic
mseion veguitentents. The porformance alfects of

adjushing thess pargmetors are masvesi-de pondent

8.0 ONE-BURN BLiPTiCas ORBIT Cain
BILITY - As discumad ps;:‘v‘u&&é@;. Atk gast plae
pariaads mte cibipteal orbais with bow pengee site
tudes and desred 2poges Htftuales va Ty et 2t
cent asetiny design. Figutus 84 thioegh N8 show
diteet ascnt clipiicat arbid perforniaine &% ASa
B Atles HA ane Addas AN, respectivedv. With this
teapeciey design Centaur places the paviiad mte
tamafer odbwt Witk 3 pertpoe aiiude of Hdb nom
s an

dppronmately 175 dogrees. Perfonmanye for vanious

{38 ko argemenl o pengee of
wadinations w shown w sich plet The ellipical
el porfarmance curves lavdod Sunssynchronags
assume that the spacectatt circulaniaes the orit a2
artil. The

the better

apogee into the finai Sun-synchroseus
partking oebi aeent design oot

cliunee with ot parameter fasgets dilliculs o reach

with a direct asaent dovgn




Table 8-2. Arlas trajectory design ground rules.

“Paylosd Fairing Sire

— AY parfonMance Cumves assume the standard lange payload fainny)

Heavy Payload Adpter — User must reduce performance (PSW) 10 inciude effects of haavy paylodd intarface
Flight Performance Ressvve (FPR) — Cantaw propeliant has been aliocaed for 3 $9.37% assurancs (3-sigma) of achiev-

g the quowed performance capabilty

Farking Oibl Perigee Altllude — The minimum pasking orbit panges aititudd is 80 nmi {143 km). This constraint appiies 10

Piglond Fairing Settison Criteda — Jedison ocours only afler the 3)gma Qv < 360 BuM-hv? (1135 Wim?)

Bootter Staging Accuiersion Laval — BOOSNY phass is tor Nalsd when s NOMnal axial auceleration lgve: reaches
target lgveir. For LEQ missions, BECY ocowrs &l 5.2 for Atlas (1A and 5.0¢ for Atlas HAS.

Rangs Safety — Tha instivaneous Imoact Poirt (i) Yace and imgact points of isitisoned Mems ae coNSirainad 10 clear
iand Mass by detances 9151 salisly VAFB ranQe 52faty reruiremonts

Launch Axdmuthag -~ &.&wmwmmmmm&wma 155 degyuas. #4h yaw um

8.7.2 ONE-BURN CIRCULAR ORBIT CAPABIL.-
TY -

The single burn o circular osbit is achieved
 with Centaur targeiing mrecﬂy into the desied cir-

culor ul’bi! From Figuies 86 theaugh 88, itis clear

that the direct asceat o circular wrbit is aibvantse
geous for lew-sliitude orbits, As altitude increases,

it bocores meote advaniagonus to use the parlangor-

tnt ascent design.

8.7.3 TWO-SURN CIRCULAR ORBIT CAPAEIL-
WV« Parking ot ascest o owenlar ordig
missions ulilize 2 puirking ovbit design o achieve
manimun  mission  perfoivance while  mecting
Ceniaut operational constaints The performaie
queked in this sectRn assumes & paiking orhat
weriged sititude of M0 nmi (148 km). Sines sarking
st ooast tinkes afe increased fiw higher-altitede
circuiar orbis, an extendod nassion kit was sddod

R7

+GSBY10585-166
Centaur to meet the higher RCS. tank pressuriza-

tioh, and electrical powsr recuiremienis associated
with the longer coast mission.

3.6 GUIDANCE/SEPARATION %’()N‘l‘l\b
ACCURACIES

The Atlas T fainily’s combination of pmcumn gusd-
ance handware with flexible guidance sofiware pro-
vides accurate payiad: injoction conditions for a
wie variety of missions. The minimal data reguived
o specify tarpeted end conditions provides fof rapid
preflipht fetargeting in response 10 chuanging mis.
sivit veyjuirements. These fuswtional capabilitics
have been demonstrated on many LEO, goesyichio-
nous ovdét, hunar. and sterplanctany eussions,
Accuracy for a vaniety of Earth-orbital ovissisas
s disployed in Table 8.3 and is typical of the
threc-gigma  socuigcies  folowing  final  upper
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Table 8-3. Typucal injection goe veies at spacecrall separction,

QDR & Contaur/Spacecrait Suparstion 2 Thiea-Sigma Ervors
Apoges  Pwiigee Argumaent

v inclinction m i incinstion ofPwigee  RAAN

Misgion (um) (deg) (um) () (ceg) {deg) {deq)

LEOD (Eikpticai)t 416 90.0 32 0S 007 040 0.05
o) 59 09N

LEQ (Bxipbical)? 380 95.2 kR 6.7 007 0.20 005
(705) (5B (1.3

LEQ (Circulan) 218 s0.0 24 24 0.06 N/A 0.06
{400 (L] (3.4) _

LEQ (Curcusar) . ) 98.2 a7 27 007 N/A 0.05
{7on 50 5.0)

NA — Kot Appicabie +GSRI10585-167
P50 (278 K Dengee aRiuce

7 100wuni (185 b)) pOngae aiuce




APPENDIX A * ATLAS HISTORY

A.1 BACKGROUND
Atlas is built by General Dynamics Space Systems
Division. Major subcoatractors include MHoneywell
for the guidance/navigation system, and Pratt &
Whitney and Rocketdviie for the propulsion sys-
tems. Principal vehicle characteristics include:
¢ Efficient pressure-stabilized stainless steel struc-
ture for high-stage mass fraction
* High-energy liquid hydrogen and axygen propel-
lant upper stage
o Advanced inertial guidance and coatrel hardware
and software for high accuracy and flexbility
* Proven record of reliability and launch depend-
ability for lunar, plasetary. and Earth-osbit
NIESSHMIS.
There have been SII3 Atias flights since the Brst
research and developreent layuch in 1887, Centaue

ke
Lhorkd

Alzs upT tape) hay fow W imes, wtad g
seven missiens on the Tian IHE baastor.

- The first sucvessful flight of Contaur stop Atlas
wcgurtes i November 1963 This was the wanld's

fiest in-flaght gaition of 3 hydrogen-powered vehis

el Three years later. Centaui performed the first
successfol space restart of liqued bydogen engines
m Outober 19606 With this Right. the Centaur e
search and devedoprient plicse was somplited aad
Centaur bocaine fully opxrabumal.

Over 2 Iyear period, T3 spacecraft of diverse
types and applcations have been integrated and
launched with Atlaw/Centaur Althigh the nuwan
andd plancts have boen special domains for Atlas and
Coentawy, and a wide range of Earth avbaing pre
grams have dwen accominadated. AtlasQentanr's
recent usage has been principally fiw comuncreial
wid pwernment communications satellite missions

A

Figure A-1 inusirates the diverse range of missions,
mission types, and customers of the 73 Atiay/
Centaurs.

Vehicle reliability has shown a steady growth. To-
day’s Atlas has demoastrated a flight reliability re-
covd of H4% based on the Dutne methodology.

For the U.S. and European governments, this re-
cord has signified depeadability in the entrustincnt
of vitaliy important scientifis missions to Atlas and
Centaur. For prior and new commercial customers.
it cnsures on-time, successiu! launches and zatedlite
system fevenue. For General Dynamics, it repre-

i)
{ ™
o ey
ey Ve
A | ]
g BNy .
.3 6.1 vmm frmcmtmaitniasi= 24 e
§ “IsATCON 8 by
® ] i T
g
-—— L ..:.a..\», g w
WhiA s L]
a‘ Bodtmnsiom oiatssonsing
[y | .
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W
SOSBIONS 11y

Figure A-1 Prowse pandouds demonsiraie Alas versaility




sents pride in playing an mtegral part in successiul
space programs for more than 3 years.

.2 DEVELOPMENT

Gereral Dynamics’ launch vehicle system develop-
ment experience dates from the mid- 19405, when ind-
tial studies began to explore the feasibility of
long-range ballistic misstles. Atlas evolved through
various Air Foice and NASA programs toward its
present role as a highly efficient space launch vehicle
(see Figure A-2)

Vorsions of Aras were built specifically for
mansed and vamanned space missioas and as a
boester for Centasr, the high-enatgy upper stage de-
sigaed tocarry NASA spacecraft on lunar and plan-
ctary missions. As paytaad weights increased,
rpguirements were met by Atlas improverats, in-
cluding ingreased propediant tank sizes and uprated
cngine performance (Figure A-3).

tn 1981 the Atlas G baoster for Centaur was de-
veboped to inprove Atlas/Centaur performance by
weEasang propetlant capacity and uprating eagine
thirust. Sewe that evolytionary stap, Atlas G has had
sk spocessful flights. This is the haschoe vehicle,
which s besg uprated o provide the At 1, ILHA

Centaur, our high-energy upper stage. has ziso
follorved an evolutionny development to reach s
Centaur il and liA configuraiions (see Figure A-4).
Development began on Centaur in 1958 as a means
to carty NASA spacecraft oo tunar and planctary
russions. [t was the first upper stage to use liquid
hydrogen fue!. It also reguired she deve
improved avioaics capable of guiding its inivial pay-
lsads on lunar missions. Throughout the devehop-
ment  history of  Centaur, have
continually been upgraded o provide outstanding
ortutal insertion accuracy wiule balawing cost and
weight considerations.

gt of

the svioaics

Centaur W performance improsement include

design changes to sivetch the @nk structare, which
like Atlas. 13 2 stunkss siedd pressure-stabilized
structure. ShuttieCentaur and Titan IViCentaur
coafigurations equired a tengthiening of the bguid
oryges (aft) tank and expansion of the diameter of
the liquid Sedrogen tank to 10 iaches {332 miters)
feoun the 130k (3 05-mater) diameter W ingreass
fuel capacity.

AJS MISSTON INVEGRATION
The rust challenging past of our aagoing effest is
wission integration. We have mtegrated wes S il

forent types of spacecralt with voth Atlas and Cen-
CALEMAN YEAR
lstlsaiseiaafur fuzinajeale Lonjorisajoelsoireinalsol el molonl el vel vol melinf axf ol mol ool ! vt ool el sl oo}

:n.“ﬁ
m-t 1717 +1 B4
. fh‘lm

Lmlﬁk

GO0 YORe S 174

Foire 4-2 Ay and Comtair bave siconuvly evnived 10 sclisfy’ reguinwients of maxy suisons




g 8

ol
B
-

ANE
ATAS LTINS

CLOSTUCHROHOLY; TRANAFER
PRYLGAL CAMBILITY (L4
TINR

o B

SGEASON- 1Y

Foure 43 Rl performune ks isorecind wigt guace
taur. provuding  mission-peculiag  anahvses and
Sesgn, verification testing, wterfaoe definition and
- documentaton, and other services 35 needed for a
multiiude of scientific and commercial payloads
The Geticral Dynamics tean has developed the kil
reuired to integrate payioads and scvomplish the
rusHoR-S-alisuon changes that are typaally re.
quired W accommsnlate evolsing necds.

A4 FLIGHT HISTORY

The quality of Atlas and Cemaur launch services, a8
cemonstrated by mission sugcess, s exgelient, witha
cortinuous Atlas space lzunch success record for 39
vehiicles over the last 1 years. Centaur had 3 sering
of 42 operativnal successes between 1971 and 1984,
o both Atlas and Titan toosters. Table A-! tabe.
fates e todal operstional recard of Attanlemtanr
2s 3 coxmbined vohicke, sfter eignt R&D Bights. Cor-
rective actions for fagly filures wore invurporsd.

and oo failutes were repeatod on subsaquent flights.

A5 RELIABILITY |
Many of the same vehich enshamsoments that -

crease performance (Figuee A-Salis ingreave sidi-
sbiiy. Comyprehonsive fature dnvistgation ang
gorrective 2ction followssg eachr fndure have 1o

crassed reliability pradicted by the 1T Duane ' sfi-

absitity growth model froes 6% 0 B% snee WL
wihen cur cuvrent Fraduct Avsurasce proging was

The canservitive Duane ReBiatily Growth Mid
o s basadd on odservaiioas of the redsctoninfaduss
vate av the comvlspve number o missioay o
creases. Whzn meat sisstois detween il faddres

are phiitad pa Rogdg wale apune: & cumslaive

Bhissaas Son, the dats poinis I8l sppproainytoiiis
& eaipht tne, The stevpasse of the dlape of this line
callad o, ghves 3 measure of the parath ote of -
PrORRSEStS th Reliatibily aver towe 1o asd sase, iy
Higl vilun of o schiowd is assoxrased with porfonn-
awe upgrades of cur operational el whiles.
The grosetly Fate & due to ao sigovous falure analv
S5 and Gurrective aition system, aid our fius og
wontrolling process faiture Causes We expovt a i o
peobability of mision success through sar e of
oaly proven hardware of high wherent design redi-
abulity and provesses that are controlled und wiable.
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Taile 4-1. Summary of Atlus!Ceraaur operationa! launch history.

. W73

@mesa&m

Date figaion Vehicle LV Resulte Dele Missisn Vedicle LV Reaults
1958 1977
ey 26 INTELGAT VA AC-30  Success
May 3:% &‘&’ e ﬁ;" W&m Ry 12 HEAD-A AC45  Success
Sept oor Sept29  INTELSATNA  AC<3  Alies propuisson
1967 talrp
Apr t7 Survewnr AC-12  Success i} g ]
Jug 14 Sy AC-YY  Sutcess Ja 6 INTELSAT VA AC-48  Succmss
Now T Surveyor ACTa  Success b 31 INTELSATAVA  AC43  Succees
958 May O Puonser Venus AC.S50  Success
' Jun 29 COMSTAR AC-81  Sucoes
dan't Susrvavor AC-15  Sucoess Aug 8 PMorwer Yenus  AC-51  Success
Aug 10 ATSD AC-17  Cetawr 2nd Nov 13 HEAG-8 AC-52  Success
burn faive 197
Dec? OAQ-A AC-16  Success May 4 FLTSATCOM AC.47  Success
1969 Sep20  KEADC AC53  Sucoses
) . _ 1880
Feb 24 Marinar Mars - AG-20 Sucocess Jan 17 FLTSATCOM AC4D  Sucomes
Aug 12 ATSE AL8 Sucosss Dec 6 INTELSRY Y ACS54  Succees
1970 1801
Nov 30 0A0-8 AC-21  Sheowd pstison Feb 21 COMSTAR ACA2 Success
ey My 23 INTELSATV AC-S6  Sucoess
1971 Aug S FLYSATCOM AC-50  Suocess
Dec 15 INTELSATY AC-55 Success
Jan % INTELSAT IV AC25  Success e
May 8 W s AC-24  Comtaur fighi w4 INTELSATV AC58  Suxoes
CONO? taisre Sept 28 WYELSATV AC-80 Success
Vay 30 Marcwt Mg AC-23  Success 1943
Dec 13 INTELSAT iV AC-28 Success My 9 INTELSAT Y AC-81  Success
1972 1934 .
Jan 22 INTELSAT K ACE S Jun) INTYELSAT vA ACE2 Sw s
My 2 Sioneer ¥ kC-21  Succass 1085
Jun 13 INTELSAT W AC-28  Succass §
> My 22 INTELSATVA  ACH3  Succws
Aug 21 0A0-C ACZR Success Jun 29 INTELSATVA  ACS4  Sucowss
Sept 23 UYELSAT va ACSES  Suocess
AS Pones G AC-30  Success 1984
Ly 23 INTELSAT V AS-31  Suncess Dec ¢ FLISATCOM ACH8  Succesy
Koy 3 Mariner AC-34  Suscass e .
. VenueAbercury My 38 FLTSATCOM ACE? Nowa _
T oAo74 1589 Gloreng tirike)
. N _ INTELSAT WV AC-32  Sucoses Sept 25 FLTSATCOM ACEE  Suwcoess
S L ' 1906
Feb20- . IWTELSATV  AC30  Ates siectcal oyEm  CRES ACOR  Suocets
B ) Sy .
iy - INTELSATV  AC3S  Sucowss A 18 8534 AC-20  Foreip obeact
. SIS WTELSATIVA  AC.M  Sucoms bovi g Cankr
Lo re : Dac 7 EUTELSAT 4 AC102  Success
- Jan 28 INTELSET WA -3 Sucooea 2
- Wy 13 ODHS,YAR AC-38  Sutaes Fob %0 £els N ALt Succees
S a2 - GOoMSTAR AC40  Sucoses Wy 13 Gaitay ¥ ACT2  Succes




APPENDIX B ¢ SPACECRAFT DATA REQUIREMENTS

Tie items listed in this Appendix are representative
of the information required tor spacecraft integra-
tion and launch activities. The data usually s pro-
vided by the customer in the form of an Inteeface
Requirements Document (IRD) and is the basis for
preparation of the Interface Contrel Document
(ICD). Additiona! information may be required for
specific spacecraft.
B.l SPACECRAFT DATA
Table B-1 indicates the spacecraft information re-
quired to assess the compatibility of the spacecraft
with the Atlas. ltems in badd should be provided for
3 prelinunacy compatibility assessmenmt while sl
items should be completed for a detailed assess-
meat. This information is typically supplied for the
spaceera§t prior to a proposal being offered by Gen-
cral Dynamics Commercial Launch Services.
Tables B-2 through B-8 indicate spacecraft data
required after contraet signature to start integration
of the spaceeraft. The asterisks in these tables indi-
vite data required at an initial mecting beiween
General Dynamics and the customer. This data wall
provide the detailed information required W fully -
tegrate the spacecraft in order W detersine such
HeNtS as OPRtEILIN mission trajectory as well as w
venfy oomipatibabiy of e lauach vekicle environ-
wments amd saterfaces.
8.2 SPACECRAFT DESIGN REQUIREMENTYS
Table B9 lists specific requircments that should be
certified by analysis andfor test by the spacacraft
agency to be compatible for launch with the Atlas.
Shiwsld the spacecraft naot meet any of these reguire-
menis, General Dvaamics will wosk wath the cus-
LNney to resodve vhe incampatitulity.
B3 CAl DATA THANSFER REQUIREMENTS
Where the trunsfer of computer-aided design
“CALD) information 15 reguired or appropreate, the

B

user must provide that ¢ata i* accordance with spe-
cified formats. The followirg are the three types of
data formats that can be use¢ for the wansfer of
CAD data to GDSS Computervision CADDSTA-
TION systems

L Com ision E (from CADDSTA-
TION systems) — Data can be supplied on 12-inch
magnetic tape directly from Computervision
CADDSTATION systems as single precision data
bases. The _pd files and drawing files shouid be
written to tape with the defaclt blocksize of 512 us-
ing the tar command syatax as follows:

tar ovi /devirantd partfile

~

2 . . 3 S¥S-
was) Datacwn he transferred from ("‘mixpumw
siont CGOS systems. The & pd files and drawang files
shixild be written to 1/2-inch Y-track magnetic tape
i U VASCI format with the Futil copy comnand as
folows:

copy partiile :mi/label = "partname’
3 IGES Format (frosm chier CAD svstains) ~

Data can be transferred from other CAD systems
using IGES 4.0 format. Solids should be convent
to 30 wircframe and surface ¢atities i the IGL -
fik. The maximum number of entities iy the ansd
should be 65,500, Curves making up bounded plane:
should be coaverted to be independent eatities. The
entitics and views in the model should be uablanked.
Entities should be as chwe as poasible t) the origin
of the madel coordinate system. Subligures con-
tained in the model shoutd be incladed in the IGES
fike. Critical scuipted suifaces shuwild be accompa-
nied by 2 mesh of check-ruints tying on the surface
at a minimum density of at keast three paints e
tween each pateh boundary. The fikes shauld be wit-
ten o V2anch magnetic tape at 1600 BPL 7.biy
ASCIHL vecord siae of B, and a block size of S0, The
tape should be labeled with these parameters. The
fodlowing command syntax can be used from UNIX
systems:
dd ilwigesfile of w /dev/m chew 80 be = 800
cisav = block

For each of the cases abowe, the spacecraft contrae-
tor should venfy that the tapes contain the correct
daia by reading the tapes back wito the miginating
CAD uystem prior (o the tape transaittal. fo add-




tion, all data transfers should have the following in-
formation included with the tape.

* Mata format (ASCIL. CVASCIL, etc)
¢ Blocking factor

¢ Number of records

Size of IGES file {on Kbytes)
Numbers of lines in 1GES file

Entity list wAth a count of each entity

<

L]

* Name and phone number of the computer system
administrator/operator i
e Name and phone number of contact person if
pioblems or questions arise
* A multi-view plot of the drawing
As an altemative to wape transfers. spacecrait
cofittacioss can electronically transmit the CAD
data using FTP via the Internet network.




Tubie B-1. Spacecraft information worksheet.

“ For a praliminary Compatibility assessment, all tems in bold prink should be compieted. For a delailed comgati-
i bty 3856836, Al tlems shouid ba compieted.

SPACKE AN NaNG. Spacecraft Manufachirer:

Spacecraft Dvner: Spacecratt Model Nurnber:

Name of Principal Conlact: Mumnber of Launches:

T lapitone Number: Oatos of Launches:

Oate:

S English

Spacecralt Design Parameter Units Units
TRAJECTORY REQUIREMENTS

1) Seteite Mass kg __bm
2) Ninimum Satgiite | Yetine —Yeurs — Yens
3) Aaal GidK Apogee . km —_tenl
&) Final Orbit Perigee —km el
5) Floal Orbik inclination —_degress __ degrave
6) Propulsion - propaliant type, orbK insertion

¥} Peopuision - propellant type, sationkeeping

8) Propulsion - multipht bu carabilty (ViN)

B)  PrOPULION, - b T - —
10) Propulsion - EffeciN lsp —_— —

1) Maxl.aum Apc — KN - i
12} Minidnum Perigee Allowable __km __nmi
13 Argument of Parigoe Bag nament . Cograes ___degrees
14) Sight Ascension of g Ascanding Node Regx: ament — Uagees _ deirecs
18)  ALGgee Accur — o
16}  Panigee ACCUaCY Ragimimid . km - Ty
171 nchnetion Acauracy Requresment — depees __ dagrees
18)  Argumant of Perigee Acoaroly Requinenint T dugrees  ___ cdugrees
16)  Right Ascensicn of tw Aecaddg Node ACCiredy Requeane? —. CGagees ___ degeos
MESHARSCAL INTERFACE

20 MWﬁmmmctw Contig vaion)

1) Souckcralt Effective Dissvter — .l

22) Spscecraft Helght — s

5 1) Wmmmw . U0 e B2

%) memsymsmwcam |

) Mexmum Spacecialt Crokssactions Ares — -
25 mwsuaapmmmmm : T AR bnin,
SN Precopasich B Taareeaion Raquiinent . band . bang

- ELECTRICAL INTERFACE

20} Spacecralt Electrical Draving

‘28)  Numboe of Lainch Vadicle Slgnals Reaused
- 30} WMWMMW
31) Number of Umbiicaty and Bina/Uns

3 Curve 67 8/C-ivduced Elaciic Fekt Radtston
- S Nurder of nskumaniation Asions Raguired

SOOI (VOIS

B-3




Tuble B-1. Spacecraft information worksheet (contimued).

Range
41)  Maximum Prelsunch Air Conditioning Sysiem Noise
42) Pre-soparation Spacecraft Power Dissigation
43) Maximuitt Payload Fainng Ascent Differential Prassie
44)  Maximoam Freo-siream Dynamic Prassuee

53) Maximom Accelarstion (Static + Oynamic) Latersi
54) Maximum Acceleration (Ststic + Dynamic) Longitudine
53) Fundarnantal Naturel Fragquency — Latersi

§8) Fundamental Natural Frequency — Longiticingl

57) CQ - Thrust Axis (Ciigin & separation pikne)

58) CG -Yaxis

59) CG-2axis

60) CG Wlecahca - Mvus! Axis

61) GG Yolcance - Y Axie

€2 CG Wolerwwe - 2 Axis

CONTAMINATION REQUIRENMENTS
::% Mugbmmmmw
68) Ouigaasing - mmmww

SPACECRAET DESIGN SAFETY FACTORS

67) Ao Pressure Vesse Surst Satety Factor
68) Awtiome Prassure System Bors! Salety Factor
65) Skuchya! Limi (Yiekd) Safoty Foctor

70)  Struchrral Ultinkte Salety Factor

71)  Sattery Burst Saely Fecior

SPACECRAFRT GUALIFICATION TEST PROGRAM
T m&mm

GEi3A2 o Y

[

I

RERRRRRER

i I LR ¥

AR

Btu.‘h

SS5FESO

s
E ]

SRRREAARR

AR
£r3
L 4

- +3B




Tukie B-1. Spacecraft i Jormation workskeet (coniinued).

Si Engiish
Spacecralt Dssign Purameter Units Units
GUIDANCE
77) Range of Separstion VelocRy —_m/sec — fVesc
78) Maxdmom Anguier Rate st Separstion - Roll —_pm —_tpm
700 Maximum Angiar Rate Uncentainty — Roil . * _t
&) Maximum Anggiar Rate &t Sepasation — Pidch and Yaw —fom —_mpm
81) Maximuam Angriiar Hate Uncertainly — Pilch and Yaw —trm —*
83) Maximum Polnting Error Rex —.geg .
8Q) Maxamam Aliowatsie Tex-off Rale —_daglsee  ___ceg'sec
85 Coetficients of nartia — b (¢ = thrust 2xis) _hgne —siugn
BE) Cosfficients of inadia — bix Tolaranco rkgme ___ *skgi
67) Coefticients of Inartia — iyy kgn¥ —slugte
88) Coefficionts of heitia — lyy Toivanca + kgm? + glug 2
85) Coeflicionds of haitia ~ 2z —. kgme sigg e
60) Coefficiss of naitla ~ Lz Tolerance skgm ___ *shgte
91) Coefficiants of ortia — by . kgme - Slug
92) Cos'icients of inetia - Ly Tolarance —_tkgm % glug 2
93) Coeiticlents of hertia — Ilyz . hgm? _ Sug N
94) Coefticionts of ingctia - ly: Tolerance e tkgm  __ +sigm
85 Cociicients of ingitia — bex - kg m? . slgm®
§6) Cootficients of naitia - bz Tolerance —tkgm s glgte

GS8053- 1172 Qd B




Table B-2. Mission requirements.

Type ot Dsts Scope of Usls
¢ Numbar of launchas
* Froquancy of launchet
* Sp2cecralt orbit pargmetens 1. Apogee altitude
inchuding tolerances (pan orba, 2. Padiges sitituse
transter ortst) 3. Inclination
4. Ecoentricity
§. Arguineit O DefQgee
6. RAAN
Launch window conslraints
* Prasadaration function 1. Pro-tsm
2. Arm

¢ Separation pararatane (inciuding
i eNGes)

3. Spacacraft eQuipment depicsmant timing and constraints
4. ACCRlration constrainty (pdch, yaw, roll

5. Aftitucke constraints

8. Spinup requirensenia

1. Anguiss rate of spacecrsi

2. Origntation (nich, vaw, and roil avyg

3. Accelerstion coOnkiniints

1 BOost phane

2. Coastphase

h Y WWMWWW

4. THTMAl MRSV

5. SsEMEHON Over ey any tracking ground station

6. Mixionom OF minioum pog tion dilt rgte (synchvonous orbiy
7 fmymm

GSBEE3-111A




Toble B-3. Spacecrafi characteristics.

Smndmh

* Mass propertas (launch and ortat
conkguiziions)

Maments of inwitid Gaunch and ortet

Structrdl Charscienstics

Dynamic model ko 3-0 10k analysis

‘ .

Sotecralt Triice? Crignilation Bunng

Salety ierre

e
.

S M PELN s BN

Drawings shows g e CONRLNASION, SNADe, CHMENSIONs and PIoWUSIXS kD
$v Mounting acapier (ground unch and depioyment conBigurations)
Coordinales (3Dacecrait reistivg 10 Launch valvcie)
SEACM Glaarance nequdrenents
Thaugt
Specific impuise
Bum action time
Propeilant off-loadt bmit
Waight - Specdy i), sapsral'e 23 retained massas
Contee of gravity — Specify i Bwes OrICQONS COONSNANG Da/she! 10 te
bocider rol, piCh, and yow axeg, for Iial, separabie, and rptsined masses
mwnmmmmmwwwdam&w

sioeh modeies

&mﬁ&nummhwwnmwmﬁmnwwmwaMum.
DAGHY, and yaw wesl 107 02, SECEabIe, BN retedad Meitas.

Sphing catio of SFUCKFe, SIREHC CIRECHION COMants, shalr SUANeR, GyNENEC mOkiel,
banding moments, and shalr Kecs at Atlag/ Centauwr/spacecrsht inkertace and limaa.

3 R TR T VRN YN

BPEWN - R

Ganersiized sl ans malris taed Appirwix C for datasis)

Garalined mang (nelia
Z’MHMmMnmwnMNmawmm

mmumwammm

mmwwwwmmmmmWww1

Spacecrait MaNCKg Smits (.G, SCOSERON Consisnty)

Locaion v geechon of aritennas Chwckout. preiduncl ik ol

LOCHNON et nurse

'Y
txzrwwmmmwmmeMMmmuwﬁmwﬂmm
13281

€. NO-FO a L-trg cxiiverd iewiniit

9. Gawtaialion @ Q.. who, when, whisre}
AF susCagibnity 1.0 DN-O-CINe, DI-0-H, BIAOR wie and vyl
fauancy)

£ Elechosisic seweicdy Gl

AKM Kain farrinaiicy SySien dedcription
Soecacrel tusitil cnpss wodel (i axaiabie?
Ermi

- : .

@#@W

w“ﬂ“1 r(w (R BOwae | e}
Helt Qursiration (& Q. SOUFCes, T, Seve of CORREON

T LECE0 NG 1Y
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Table B-3. Spacecrafi characteristics (continued).

$Scope of Dats

1.
2
3

@ P

Requirermerts ior ground-eupplied services
In-Bight condtions (8.0., during aacaint and aMer PLF jettison

Surface sensitivity (0.Q.. SUBCRpULIRY 10 (OIS, GAees and saaus!
prosucts)

tight

m;..g,.mmwmmumwm
CONRQUION

LOCAtoNS (9.0 Iocation of NCeIvrs any) SPatEcralt whea rackating)
Chisckout recuirgrmants (8.0, ODENO0R, CIOScHIOP, Hrelaunch, ascent

vajeciony)

Table B-4. Aerospace vehicle equipment (AVE) requiremenis (mechanwcal).

+BLH910585- 162

ﬁhd&u

Scope of Dats

* Maghancal ineraces

2

N wn e

Base hameie’ of SHRCECTA ickertace
mma@cm

Hasting congiraints

antng ChFaCIINECS 1.0 . QUItity, Baving ars] nalure Of Gases vented onm

plylon)
RF Vst wnoows (0 .. Sie, OCEton. ek , of recaaredd)

FLE sapid atian 0.0, atiude, Cleaninung, $00Ck, aprchedting and avioad
COrdtRnts)

Seontial SwirOn ; ) :

& Claasinem

6 Teroeraune s relasive huimicity
¢ AN GHRBReg

$. AR WnOInQeant kemin

Banoa! SacoNect LACKING W
Specis comptibilty reguremants

mum

8-y

+HELHO YORSS- 183




Table B-5. Aerospace vehicle equipment (AVE) reguirements (edectricai).

Type of Deta

Scope of Dake

¢ POWSr NEUFEMENIS (CuTent,

* Cormmand Jiachte signals *

Orrancs Circusls

SN MRS
LR g ¢

NPP L@ @R

pPO

28 KiC power

Othwr power

Ovarcument prolection

Nomber

Sequence

Tening (nciuding durstion, 10lenance, repetition raie, e4C.)

Voltage (ominel and 1Ckrance)

Frequency emingl and Olennce)

Current {nominal and Kierance)

Whwen cSiacrates v for EED activation, Specify minimum, maximum and
NOMINE! 8 CUment, IMINEMLIM 3y MEdmm gistinee, minimism £re Gme,
CONANNG WNONalIS raQe and manuactuer's identiication of devico
Staius epiaye

Ao $0Nae

ange sailely tesuct

ROV Irt paparason Castruct

Sala/an RGUINTENS

-
h

B eNO0s @ P

Quantity of 3pECecraR mudsyements recrsred 10 be ranenstiad by Atas
Wy and type (0.0, Wmpirakie, vibration, DIeaiure, SAC.) Bt calaile
CONCRONC with rkiiec] SyeRemg INGRKING GONSENG CHavaCieisics (spur e
Calriion of $yEier Sl Socalions el anticipsled time of operstion

mwwwmedw

%mmmmwwummmﬂouummmumwwamu
108 Bk, cairCLarrent DrOEacHon B SIR-0-NORe reso)
Dincreie events i-level)

Tranaaoens required i be Rumishis! by taunch velicie contratior

NS aCCRERbI I BNy M 0N S MCH MSRR TeIMER

kinicrum Joouptable syeiem eeos S S rutourement, [SEvpig rate @ 380
Cowrrad by Bus reuarnent )

Pariod of lge Tor wihich gt Sort sbidh measreivid i of Ssres (84, Yom
B 1O SOR08 valvCie SROANBN

10, Kig gl Gl recyingc) by SORCBCHIR COnki X

N—‘N'r'w:-

!@‘N.—'ﬁ-ﬂ.‘y

Boiging AN b TANRON

Crouncivy) plsioncphy fe.Q., MBS0 _
EMC protecison DIGRODNY K Kn (o, FRGHR-O0wS? 3 EyrolaChn Crtisls
SUUCRIE (0.5 1090 O BRUCKITS! &8 QrOUsKd i Cuitent veis)
&ﬁﬁﬁﬁmﬂs&wwﬁww%wur&ﬁmmﬂmwﬂ

Sngpa-point (round (8.4, Caton and relaled equidment)
Corsvipcior Kan Q. JOCEIOR MW reiing

Connackr detads
wmwammmw

Each coneiucior

" Quarall -

&M&@‘




Tuble B-6. AGEfacdity recpuiremenis (mechanical).

Trpe of Oaka Scope of Dela
Spacacralt lunch wehiCle riagration S820eNCe oM DECECTAR Aeiivary through mating wilh the LV
HANGENG SUDMEnt recinec
GDSSrxowiciets prolactive Covars or work seids retesced
ety ths SpA0S SIWSIODe, INSLAEHON, CEBFEICE, K] WOrk s RGLISIWNS
ADy SDACIA] SNCANELIBEON AEUANGMenty
SuppOor servicet required
SpacecraR chickout AGE antt List of skl AGE and Iocsiion where used (0.0.. Srag8 equisments on he
natalighion criterid for AGE aarme:
Snuwvnml

MmMmmwwwummm
Fromimity 15 e AOECECTAR Wl i e
Pariod of Lsage
Erviconmantal fecuirements
Cormpatiildy with rangs salety: requsrennts and LV propeilants
ACCENE 3D0CH IG CEDINGS rORAec 107 Wik 31ed. o Sining), Shciecut
PaNBit, M.
mmmmmmwmmwﬁw
Nriace reCaptacis CAHGNS MY typas
m~mwwmummnmmmuwnuumde
&ww&mMmewww\1,&ﬁmmmmmwmmwmumaummwmmmu
ey oy
aa&wwﬂmm
b Yranexnt © Wonch oad
C Mipting
o e Paviond g
& Ooning courniciown
2 ArcandRioning HKRscmints K aIRICIbIe &el (Dad e by:
& Tempaaiurs g
b.mwmmm
Partic e henkakion
almmmmwm%ma
@ Fow e
WS # SOECH valali 15 Aot COMOERLM wilh LY DrOGieiikids g wial Gilaly
rOubm ik weil L rcy e
Erwacruistd MGG WX veriRCtion MEQUEBNVENGS
ACORES for WERORCTOR reaing et chiand
AN UG SEIGORINON 10 T BUndT i) i smection Sivd he At
ACOwit K8 CHCKOLE ] W) TGN [5 D B N WSRO
ACCuia s S welailaion. Stake G0N, 20 Of QDIWY) SN0 nside msch
ACCERS Shaing s Sl osanicown, # any
AGE racpisernants for sifirguicy serniwel :
mmwammw@muuuuwmwmmwuﬂuamwmmu

R X Ty

Foersapoe

-
&

pon-

W,I:.CI S L

SR -

o X

wnmmamsmwmuﬁanwmnmm

Nﬁmmneﬂmwmmmmmw&wuuud
Couelt, propalienis, CHlgd willer, 3] CEYOQRNCS

Soron @0 , spscacrsil o DuNCh vehicks)

Ghmwmbwmwmounwnmnmmm

Moowi osce Smoscran guidence skyvmen

{
g
g
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Table B-7. AGE/factity requirements (electrical).

Type of Dats

Scope of Dats

Space vaincle siectical contucior
cGals

Elactnical power (AGE anct taciidy)

MOk and coreol

Sowansm‘-‘: wmamwmw

KKientify @ valuns are Sieadly O pesk ioacis
Hgh-volRa0e ransient susceptityity

Aniereud reCpscarTants (0.0, funcEOnN, IR, PIweICa) Characionshcs, beam
wichih and ction and kne-cl-siiv)

FrenuanCy & DO VEISMESIoNn

Gparation

¢ Cabiang, AuCHng, or CONTLAS 10 b Nt O ¥ MObile SeviCh 10wer. Who

wall sDly, el chirk O, 3nd remowe

1.

(2]

Soacily which Sinais oM the SPBCRSIER &6 1K D Monikied Tuing feacTess
2 COUNOWT 3 19 DOWEY SOUNCE; SOACICTIR. Atias, Contaws, or AGE
Teargrison maihod (8.0 soacedrail TLM, LV TLM, nadiaw, o auncy wehiZie
i EAAS Moo

LOCakon of (k2 GVaRItioN ClNier, GvLBlon relgonstyidy maatiuremngnt kmis
2 QOO0 ConMFaing). IKlantily whixy 1 10 CONBEONS! SICUECY
AVIRELIO R 3 £ D mOnioned 3nd eveluatedd. SORCly NGy #X)
CRIRHON & MM

Vi) O CHIRRCIINGICE OF MINRED (4 ava<abred 1 Cioges-lo0 £ weiaunch
Ghackioul at S leunc?t pacd. Daka 16 WORERS oCatars and typw of inveiaoe
CONMICEN {8) S CHOrac i hcy OF BONBe 1 BRIV, Wik aiing vOXa0s eve!,
ORAOUE SrEAOCE, GLADUA CIrm evkibiOn, rilcenm POy of daks van,
DA CLAOUE 10BN NGNS

THCE SIS Y
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Toble B-8 Tess operations.

Type of Dats Soope of Data
'WM(‘MM 1. Becrics Zimulisions
2 Shuckrsi sinuisone
3. Mash kil gage
artacs Wt reQuinerTants 1. Siruchasl Wt
2 R
3 Cormpatteiity weting of wiirtaces thnctiora)
& Eﬁ(:d-wm
S, Wisoacacrsit RF iciaderence test
& Erwaonmental Semonsiision et
Launch operations . Dataded saqmence 3 time and of 31 sPICecr sl -reiaie UNCH sie SCEvHes,

ol

nSung AGE watalabion, taCaidy wastallahion ancs activibes, SPACEcal weing.
AXS SDACACHI SONVCING

HICYCe recufermnts

Rl ichorm 10 NCIucke Gurct 32 activiy Sinikabong, Consraints o Launch
WTECHD COMBEGNE, SECLTTY HCRNDIMENtS 33 DErSONNS ACCeE BREon, MG
Mﬁm
Wtwbmmmmwm
WNWWQW&NMWWM
ummmnww

me




Machanical

‘ Table B-9. Speveeraft design requirements.

1 Poyiodo S 000 DWW Foues £-3 anvd 4-4
2 Pay®onait atache saiche Der Figares 4-5 Svough 4-11
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APPENDIX C + ANALYSES IN SUPPOKT OF MISSION
- INTEGRATION

The follpwing analyses ave typicaly conducted in

support of mission integranon activities. The analy-

- ses pempratly are ten-phased. The preliminary and

- fsnal snalyses are typically scheduled as shown in
Figure 6-3 of this guide.

© . TRAJECTORY ANALYSIS

The Atlas trajectory {rom launch through spaceerali
injection into the finad mission orkdt is designed ©

-optimize the cusoiner’s stated mission objective. -

Two typical objectives ate W marimize spatersit
wight into the desired fnal orbit of mar/uizs on-
wbil fifetime for a spectfied spacevall weight,

siong, extremme vehicle dispersions, and guidance
accuracy. The targeting analysis verifies that the
guidance program achieves ali the mission reguire-
ments throughout the launch opportunities and
across the daily launch windows. Standard vehicle

 dispersion asalysis demenstrates that the guidance

algonithms are insensitive 5 2-sigma launch vehicle

SEspersions in that e guidance program compen-

" sates for these cispersions while minimizing orbit

insertion 2rvovs. The exticee launch vehicle disper: -

.-sigas ave abnormal dispersions {e.g.. !ﬂ-sigma);nd .

- Eafture smenles. Those cascs ane selestod ter stress the

Afpng with the objective, mission requitemonts and
constraints must be clearly estz wished in order w

speecrafl reguirements icivde:

e Telemetry datz requirements for specific events

Spacecraft poirting at separation
Spacecralt roll raws at separation

- tedas

Maxinum seceptable 2erodynamic heating rate
at payload lainng jettison

Maximum accepable static acceleration level
{occurs at booster package jettison)

in addition to the spacecraft requirements, all
trajectory design analyses cons:-er the range safety
requirements and policies establishied by the 45ih
SPW. |

.2 GUIVANCE ANALYSIS

Analyses are perfonned to demoastrute that the
guidance and navigation requirements are satisfizd.
#nalyses include targeting. standard vehicle disper-

ercate this eptimum trajectony design. Tepical - - pabiiities.

-guidance Program and demensizate that the guid-

3

bikitics fa¢ sxoeed the vehicle ca-

NEE SOTWAS Ciips

~The gnidance accuracy éilm’y%isesynbizgs vehicle

- dispursions aid guidzoce hardware zad software er-

Therma! attisude coatroi dring coast phase ~ -

Acceptable solar exposwie durations and aiti- -

rot medels t evaluste total guidance system injec-
tion accuracy. Hardware crrors mode! the off-
nominal gffects of e guidance system gyros and ag-
ceserom.ors. Sofiware errots include compuiation
errors and vehicle dispersion effeits. These vehicle
dispersions inciude independent vehicle and atme-
spheric dispersions that perturd Atlas and Centaur
performance. This accuracy analysis will include the
e, and twist and sway effects on guidance system
alignrent duning gyro compassing, as well as the co-
variance etror analysis of the guidance hardware.

CJ SPACECRAFT SEPARATION ANALYSIS

Six-degree<il-freedom simulation of the Centaur/
spaceivaft separation oveni will be performed using
finalized spacecraft mass propeniies to venfy that
Centaur will st recontact the spacecraft following

-separatic.i system release. This analysis will demon-

strate clearanies, preseparation rate, sepasativn nu-




tation, and inomentum painting using the minitaum
relative separation velocity of 1.0 ft/sec. This enswires
that adequa’e :eparation distance wili be achioved
before initiating the collision and contamination
~ avoidance maneuver (CCAM).

C.& DYNAMIC COUPLED LOADS ANALYSIS
G:DSS performs mission-peculiar dynamic coupled
Inads analy.i€ 19 dewermine spacecraft loads, deflec-
tions, and accelerations during Atlas transient flight
events., B

To calculzte spacecraft ‘vads during Right, Gen-
“eral Dynamics needs a dynamic model of the space-
craft and output transformation masrices (OTMs).
The spacecralt dynamic model should consist of
" genaralized mass and stiffacss matrices along with a
r{cm\mendcd modal damping schedule. The
desired format is Craig-Brampton, constrained at
the Centaur interface in terms of spacecraft moddal
cousrdinaies and six (single-paint) discrete Centaur
interface degices of freedom. The dynamic mode!
shuld have an upper frequency cutofi of S w0 o
Hz The OTMs should be in e form that, wikn
muitipliced by the spacecralt modal acceleration oe
dispacenwent vinw histosies, they will recoser the
desired accelerations, displacements, or wnternal
hads, Gne of the OTMs should contain data that
will atiow caleulation of kiss of clearance between
the payad fainag and exreme points o6 the
spaceerait.

The coupled laads analysis are performed in
lads cycles phased to support spaceceaft design
and test schedules. Typically, the boad eyeles are pre-
lininary (casly wersion, design of all components
may mt be finalized), final (analyvtical model of com-
pleted design), and verification (test verified modcl).

Geacral Dynasnics caleulates spacecraft bads fiv
thrce events: 1) gust/flight winds {gusts and steady

C-2

state winds at time of maximum dynamic pressure);
2) BECO/BPJ (Atlas booster engine cutoff/booster
package jettison. which also envelopes liftoff); and 3)
MECO (final upper stage main engine cutoff). Gust/
flight wind is a low-frequency event ( < 12 Hz) that
peduces maximum loss of clearance between the
spxcecraft and payload fairing and high loads near
the base of the spacecraft primary strucwre. BECO/
BPJ excites ail frequencies (3 to 40 Hz) and produces
the majority of the maximum loads throughout the
spacecraft. MECO excites all frequencies and pro-
duces the highest tension (negative axial) kads and
soimetimes maximum foads on secondary structure.

Spacecraft data recovery is perfrrmed with con-
tractor-provided cuiput transformation matrices.
Typicaily. the size of the QTMs are 200400 rows for
accelerativns, S0-100 rows for displacements, and
300-800 rows for internal loads. The output can con-
sist of mammum/minimum response listings, time
histewy plts, shack spectrum plots. and modal pat-
ticipation of maximurn responses. Masimum/mini-
mum listings and time hstery plots of selected
responses ave the most commonly desired outpat.
At a Technical interchange Meeting earty in the pro-
gram, the output request can be finalized.

C.S PAYLOAT FAIBING VENTING, JETVISON,
AND LOSS OF CLEARANCE ANALYSES
Payload Cuving venung analyses are performed fos
tirst-of-a-kind missions to evaluate ami venty that
spacecralt depressunization rate requirements are
mat. This arslysis is based an the mission trejectony
and spacecralt geosetry and volurnk.

Verification of payloud clearaice during payvisad
fairing jettison o performed as part of the loss of
clearance. The effects of thermal preload, disoon-
nect forces, shear pin forces, actuatin forcss, and dy-
namic respovse are all incloded in a fully
three-dimensional noatinear anafysis.

(




C.6 TYPICAL THERMAL ANALYSIS

New mission requirements, including trajectories.

timelines, and air conditioning, are examined to de-

termine if these are compatibic with the spacecraft.
Typical thermal analysis performed for each new
paylcad include:

1. Pad air condisioning analysis to vaiidate that all
unique spacecraft requirements (velocity, iem-
perature range) are met.

2 Computation of free molecular heating on space-
craft surfaces normal and parallel to the vehicl:
longitudingl axis for the worst-case depressed
trajectory.

3. Integrated thermal analysis of the spacecraft and
Centayr to demonstrate that the prelaunch. as-
cent. and preflight theimal cavironments are
compatible with the spacecraft’s requirements.
In addition to these specific tasks, General Dy-

namics supplies a nominal level of cffort to ensure

correct vehicle configusation, integration suppott,
and launch activity support.

C.7 RF LINK AND COMPATIBILITY ANALYSES

GD3S analyzes the LV wlemetry system, range safe-

ty command system, and C-band tracking system

RF links from Lauich through spacecraft separation

o determine adequate link masging.. Analysis will

be performed fr nopunal. Wited. and depressed

trajectosies for the mission using antenna pattem
data taken from range testing of oae-fourth scale

A frequency compatibility analysis is performed
to demonstrate transimitter/receiver compatibility
between the Atlas and spacecraft and considers the
LV C-band tracking systeq:, telemetry transmitters
and range cafety receivers, and space vehicle trans-
mitters and receivers. Worst-case intentional radi-
ation impingement on the spacecraft (from the LV)
and on the LV (from the SC) is addressed under the
EMC analysis.

Prelauncih RF links to the spacecraft ground
checkout facilitics are analyzed for the spacecraft to
determine adequste link margin. Typically. link mar-
gin analysis is conducted utilizing the standard LV-
provided reradiating RF system (using antenna
couplers and tower reradiating antennas).

C.8 ELECTROMAGNKETIC COMPATIBILITY
The EMC plan defines how compatibitity within At-
las vehicle and between Atlas and spacecraft and
ground suppoit equipiment is achieved. It includes
system descriptions and tailors EMC specification
applicativns, covers clectrical boading/grouading/
isolztion. wire routing/shieiding, interference emis-
shutsrsuscepsibility, and short-Guration transicats
within the system and at system intesfaces. The dovs
umeni defines EMIEMC testing and analysis pro-
cesses. Technical operating repoits are used
document results of system EMU acoeptance tests.
the EMC test plans and procedures. Based on infor-
mation contained in all of the foweguing, an EMC
analysis is prepared to demonstrate that design s¢-
Quirements defined i the ICD are met.
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